REMARKS 
Amendments 

Claims 1-22, 25 and 27 have been canceled, claims 23, 24, and 26 have been amended, 
and claims 28-35 have been added. Upon entry of the amendment, claims 23, 24, 26 and 28-35 
will be pending. Support for the added claims can be found in the specification, for example, 
page 8, lines 4-8; page 19, Unes 18 to page 20, line 21; Example 2; the Figures; and in the claims 
as originally filed. 

The foregoing amendments are made solely to expedite prosecution of the application 
and are not intended to limit the scope of the invention. Further, the amendments to the claims 
are made without prejudice to the pending or now canceled claims or to any subject matter 
pursued in a related application. The Applicant reserves the right to prosecute any canceled 
subject matter at a later time or in a later filed divisional, continuation, or continuation-in-part 
application. 

Rejections 

Rejections under 35 US.C* §101 

The Examiner has rejected claims 23-27 because the claimed invention is allegedly not 
supported by either a specific or substantial asserted utility or a well-established utility. 

Applicant respectfully traverses the rejection. Claim 23 is drawn to a transgenic mouse 
whose genome comprises a null TRP6 allele; said allele comprising the sequence of SEQ ID 
N0.:1; said null allele comprising exogenous DNA, said exogenous DNA comprising a gene 
encoding a visible marker, wherein said visible marker is capable of expression in the brain. 
According to 35 U.S.C. § 101, "[wjhoever invents . . . any new and useful . . . composition of 
matter may obtain a patent therefore. ..." 

Under the Patent Office's Utility Requirement Guidelines: 

If at any time during the examination, it becomes readily apparent that the 
claimed invention has a well-established utility, do not impose a rejection based 
on lack of utility. An invention has a well-established utility if (i) a person of 
ordinary skill in the art would irmnediately appreciate whv the invention is useful 
based on the characteristics of the invention (e.g., properties or applications of a 
product or process), and (ii) the utility is specific, substantial, and credible . 
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If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose (i.e., it has a "specific and substantial utility") and the assertion 
would be considered credible by a person of ordinary skill in the art , do not 
impose a rejection based on lack of utihty . 

(emphasis added)(MPEP § 2107, II (A)(3); II (B)(1)). 
The standard for " credible " is defined as: 

. . . whether the assertion of utility is believable to a person of ordinary skill in the art 
based on the totality of evidence and reasoning provided. An assertion is credible unless 
(A) the logic underlying the assertion is seriously flawed, or (B) the facts upon which the 
assertion is based are inconsistent with the logic underlying the assertion. 

(MPEP 2107.02, III(B)(emphasis added). 

According to the Patent Office's own guidance to Examiners: 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts . 

Generally speaking, in these rare cases , the 35 U.S.C. 101 rejection was sustained either 
because the applicant failed to disclose any utility for the invention or asserted a utility 
that could only be true if it violated a scientific principle, such as the second law of 
thermodynamics, or a law of nature , or was wholly inconsistent with contemporary 
knowledge in the art. In re Gazave, 379 F.2d 973, 978, 154 USPQ 92, 96 (CCPA 1967). 
Special care therefore should be taken when assessing the credibility of an asserted 
therapeutic utility for a claimed invention. In such cases, a previous lack of success in 
treating a disease or condition, of the absence of a proven animal model for testing the 
effectivenss of drugs for treating a disorder in hxmians. should not, standing alone, serve 
as a basis for challenging the asserted utility under 35 U.S.C. 101 . 

(MPEP 2107.02, III(B)(emphasis in original and added). The Guidelines additionally 
provide that: 

There is no predetermined amount or character of evidence that must be provided by an 
applicant to support an asserted utility, therapeutic or otherwise. Rather, the character 
and amount of evidence needed to support an asserted utility will vary depending on what 
is claimed (citations omitted), and whether the asserted utility appears to contravene 
established scientific principles and beliefs , (citations omitted). Furthermore, the 
applicant does not have to provide evidence sufficient to establish that an asserted utility 
is true "beyond a reasonable doubt." (citations omitted). Nor must an appHcant provide 
evidence such that it establishes an asserted utility as a matter of statistical certainty . 
Nelson v. Bowler, 626 F.2d 853, 856-57, 206 USPQ 881, 883-84 (CCPA 1980)(reversing 
the Board and rejecting Bowler's arguments that the evidence of utility was statistically 
insignificant . The court pointed out that a rigorous correlation is not necessary when the 
test is reasonably predictive of the response). 

¥ 

(MPEP 2107.02, Vn)(emphasis added). 



6 



Thus, according to Patent Office guidelines, a rejection for lack of utility may not be 
imposed where an invention has a well-established utility or is useful for any particular practical 
purpose. The present invention satisfies either standard. 

The present invention has a well-established utility since a person of ordinary skill in 
the art "would immediately appreciate why" knockout mice are useful. As a general principle, 
knockout mouse have the inherent and well-established utility of defining the function and role 
of the disrupted target gene, regardless of whether the inventor has described any specific 
phenotypes, characterizations or properties of the knockout mouse. The sequencing of the 
human genome has produced countless genes whose function has yet to be determined. 

According to the National Listitute of Health, knockout mice represent a critical tool in 
studying gene function: 

Over the past century, the mouse has developed into the premier mammalian 
model system for genetic research . Scientists from a wide range of biomedical 
fields have gravitated to the mouse because of its close genetic and physiological 
similarities to humans, as well as the ease with which its genome can be 
manipulated and analyzed. 

• • • 

In recent decades, researchers have utilized an array of innovative genetic 
technologies to produce custom-made mouse models for a wide array of specific 
diseases, as well as to study the function of targeted genes . One of the most 
important advances has been the ability to create transgenic mice, in which a new 
gene is inserted into the animal's germline. Even more powerful approaches, 
dependent on homologous recombination, have permitted the development of 
tools to "knock out" genes, which involves replacing existing genes with altered 
versions : or to "knock in" genes, which involves altering a mouse gene in its 
natural location. To preserve these extremely valuable strains of mice and to 
assist in the propagation of strains with poor reproduction, researchers have taken 
advantage of state-of-the-art reproductive technologies, including 
cryopreservation of embryos, in vitro fertilization and ovary transplantation. 

(http ://www. genome, go v/pfv.cfm?pageid= 1 0005 834) (emphasis added)(copy attached). 
Thus, the knockout mouse has been accepted by the NIH as the premier model for determining 
gene function, a utility that is specific, substantial and credible. 

Knockout mice are so well accepted as tools for determining gene function that the 
director of the NIH Chemical Genomics Center of the National Human Genome Research 
Institute (among others, including Capecchi, Bradley, Joyner, Nagy and Skames) has proposed 
creating knockout mice for all mouse genes: 
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Now that the human and mouse genome sequences are known, attention has turned 
to elucidating gene function and identifying gene products that might have therapeutic 
value. The laboratory mouse (Mus musculus) has had a prominent role in the study of 
human disease mechanisms throughout the rich, 100-year history of classical mouse 
genetics , exemplified by the lessons learned from naturally occurring mutants such as 
agouti, reeler and obese. The large-scale production and analysis of induced genetic 
mutations in worms, flies, zebrafish and mice have greatly accelerated the understanding 
of gene function in these organisms. Among the model organisms, the mouse offers 
particular advantages for the study of human biology and disease: (i) the mouse is a 
mammal and its development, body plan, physiology, behavior and diseases have much 
in common with those of humans; (ii) almost all (99%) mouse genes have homologs in 
humans: and (iii) the mouse genome supports targeted mutagenesis in specific genes by 
homologous recombination in embryonic stem (ES) cells, allowing genes to be altered 
efficiently and precisely . 

• • • 

A coordinated project to systematically knock out all mouse genes is likely to be of 
enormous benefit to the research community , given the demonstrated power of knockout 
mice to elucidate gene function , the fi-equency of unpredicted phenotypes in knockout 
mice, the potential economies of scale in an organized and carefully planned project, and 
the high cost and lack of availability of knockout mice being made in current efforts. 

(Austin et al., Nature Genetics (2004) 36(9):921-24, 921)(emphasis added)(copy 
attached). 

With respect to claims drawn to transgenic mice having a null allele, the following 
comments from Austin are relevant: 

Null-reporter alleles should be created 

The project should generate alleles that are as uniform as possible, to allow efficient 
production and comparison of mouse phenotypes. The alleles should achieve a balance 
of utility, flexibility, throughput and cost. A null allele is an indispensable starting point 
for studying the function of every gene . Inserting a reporter gene (e.g., P-galactosidase 
or green fluorescent protein) allows a rapid assessment of which cell types normally 
support the expression of that gene. 

(p. 922)(emphasis added). 

Research tools such as knockout mice are clearly patentable, as noted by the Patent 

Office: 

Some confusion can result when one attempts to label certain types of inventions 
as not being capable of having a specific and substantial utility based on the 
setting in which the invention is to be used . One example is inventions to be used 
in a research or laboratory setting. Many research tools such as gas 
chromato graphs, screening assays, and nucleotide sequencing techniques have a 
clear, specific and unquestionable utility (e.g.. they are useful in analyzing 
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compounds) . An assessment that focuses on whether an invention is useful only 
in a research setting thus does not address whether the invention is in fact "useful" 
in a patent sense. Instead, Office personnel must distinguish between inventions 
that have a specifically identified substantial utility and inventions whose asserted 
utility requires further research to identify or reasonably confirm. Labels such as 
"research tool," "intermediate" or "for research purposes" are not helpful in 
determining if an applicant has identified a specific and substantial utility for the 
invention. 

(MPEP § 2107.01, 1). As with gas chromato graphs, screening assays and nucleotide 
sequencing techniques, knockout mice have a clear, specific and imquestionable utility (e.g., they 
are useful in analyzing gene function), one that is clearly recognized by those skilled in the art. 

For example, according to the Molecular Biology of the Cell (Albert, 4^^ ed., Garland 
Science (2002)) (copy of relevant pages attached), one of the leading textbooks in the field of 
molecular biology: 

Extensive collaborative efforts are underway to generate comprehensive libraries of 
mutation in several model organisms including ... the mouse. The ultimate goal in each 
case is to produce a collection of mutant strains in which every gene in the organism has 
either been systematically deleted, or altered such that it can be conditionally disrupted. 
Collections of this type will provide an invaluable tool for investigating gene function on 
a genomic scale. 

(p. 543)(emphasis added). 

According to Genes VII (Lewin, Oxford University Press (2000)) (copy of relevant pages 
attached), another well respected textbook in the field of genetics: 

The converse of the introduction of new genes is the ability to disrupt specific 
endogenous genes. Additional DNA can be introduced within a gene to prevent its 
expression and to generate a null allele. Breeding from an animal with a null allele can 
generate a homozygous "knockout", which has no active copy of the gene. This is a 
powerful method to investigate directly the importance and function of the gene . 

(p. 508)(emphasis added). 

According to Joyner (Gene Targeting: A Practical Approach, Oxford University Press 
2000) (copy of relevant pages attached),: 

Gene targeting in ES cells offers a powerful approach to studv gene function in a 
mammalian organism . 

(preface)(emphasis added). 
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According to Matise et al. {Production of Targeted Embryonic Stem Cell Clones in 
Joyner, Gene Targeting: A Practical Approach, Oxford University Press 2000)(copy of relevant 
pages attached): 

The discovery that cloned DNA introduced into tissue culture cells can undergo 
homologous recombination at specific chromosomal loci has revolutionized our ability to 
studv gene function in cell culture and in vivo , . . . Thus, applying gene targeting 
technology to ES cells in culture affords researchers the opportunity to modify 
endogenous genes and studv their function in vivo . 

(p. 101)(emphasis added). 

According to Crawley (What's Wrong With My Mouse Behavioral Phenotyping of 

Transgenic and Knockout Mice, Wiley-Liss 2000) (copy of relevant pages attached): 

Targeted gene mutation in mice represents a new technology that is revolutionizing 
biomedical research . 

Transgenic and knockout mutations provide an important means for understanding gene 
function, as well as for developing therapies for genetic diseases. 

(p. 1, rear cover)(emphasis added). 

Li addition, commercial use and acceptance is an important indication that the utility of 
an invention has been recognized by one of skill in the art ("A patent system must be related to 
the world of commerce rather than to the realm of philosophy." Brenner v Manson, 383 U.S. 
519, 148 U.S.P.Q. 689, 696 (1966)). Commercial use of the knockout mice produced by 
Assignee Deltagen has been clearly established. At least four (4) large pharmaceutical 
companies have ordered the presently claimed transgenic mouse. This acceptance more than 
satisfies the practical utility requirement of section 101 as it cannot be reasonably argued that 
a claimed invention which is actually being used by those skilled in the art has no ^^real 
world'^ use> (see, for example, Phillips Petroleum Co. v. U.S. Steel Corp., 673 F. Supp. 1278, 6 
U.S.P.Q.2d 1065, 1 104 (D. Del. 1987), affd, 865 F.2d 1247, 9 U.S.P.Q.2d 1461 (Fed. Cir. 
1980)("lack of practical utiUty cannot co-exist with infringement and commercial success); 
(Lipscomb's Walker on Patents, §5:17, p. 562 (1984)("UtiUty maybe evidenced by sales and 
commercial demand.") 

Applicant submits that since one of ordinary skill in the art would immediately recognize 
the utility of a knockout mouse in studying gene function, a utility that is specific, substantial and 
credible, the invention has a well-established utility, thus satisfying the utility requirement of 
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section 101. On this basis alone, withdrawal of the rejection with respect to the present invention 
is warranted, and respectfully requested. 

In addition, the claimed inventioii is useful for a particular purpose . The Applicant 
has demonstrated and disclosed specific phenotypes of the presently claimed mice, e.g., an 
increased sensitivity to pain. Utility of the claimed knockout mouse would be apparent to, and 
considered credible by, one of skill in the art, as the role of knockout mice in studying any of 
these conditions is both specific and substantial. 

The Examiner argues that the phenotypes do not correlate with hxmian disease. The 
Examiner's arguments are similar to arguments made by the Patent Office with respect to 
pharmaceutical compounds the utility of which were based on murine model data, arguments 
which were dismissed by the Federal Circuit in In re Brana (34 U.S.P.Q.2d 1436)(Fed. Cir. 
1995). The case involved compounds that were disclosed to be effective as anti-tumor agents 
and had demonstrated activity against murine lymphocytic leukemias implanted in mice. The 
court ruled that the PTO had improperly rejected, for lack of utility, claims for pharmaceutical 
compounds used in cancer treatment in humans, since neither the nature of invention nor 
evidence proferred by the PTO would cause one of ordinary skill in art to reasonably doubt the 
asserted utility. 

The first basis for the Board's holding of lack of utility (the Board adopted the 
examiner's reasoning without any additional independent analysis) was that the specification 
failed to describe any specific disease against which the claimed compounds were useful, and 
therefore, absent undue experimentation, one of ordinary skill in the art was precluded firom 
using the invention. {In re Brana at 1439-40). The Federal Circuit reasoned that the leukemia 
cell lines were originally derived fi"om lymphocytic leukemias in mice and therefore represented 
actual specific lymphocytic tumors. The court concluded that the mouse tumor models 
represented a specific disease against which the claimed compounds were alleged to be effective. 
{In re Brana at 1440). 

The Board's second basis was that even if the specification did allege a specific use, the 
applicants failed to prove that the claimed compounds were useful. 

The Federal Circuit responded: "[A] specification disclosure which contains a teaching of 
the manner and process of making and using the invention in terms which correspond in scope to 
those used in describing and defining the subject matter sought to be patented must be taken as in 
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compliance with the enabling requirement of the first paragraph of Section 112 unless there is 
reason to doubt the objective truth of the statements contained therein which must be rehed on 
for enabling support." (Brana at 1441, citing In reMarzocchi, 439 F.2d 220, 223, 169 USPQ 
367, 369 (CCPA 1971)). From this it followed that the PTO has the initial burden of 
challenging a presumptively correct assertion of utility in the disclosure. Onlv after the PTO 
provides evidence showing that one of ordinary skill in the art would reasonablv doubt the 
asserted utility does the burden shift to the applicant to provide rebuttal evidence sufficient to 
convince such a person of the invention's asserted utility. (Jd.) 

The court held that the Patent Office had not met its burden. The references cited by the 
Board did not question the usefulness of any compound as an antitumor agent or provide any 
other evidence to cause one of skill in the art to question the asserted utility of applicants' 
compounds. Rather, the references merely discussed the therapeutic predictive value of in vivo 
murine tests - relevant only if the applicants were required to prove the ultimate value in 
humans of their asserted utility . The court did not find that the nature of the invention alone 
would cause one of skill in the art to reasonably doubt the asserted usefiilness. The purpose of 
treating cancer with chemical compounds did not suggest an inherently unbelievable undertaking 
or involve implausible scientific principles . {Id.) 

The Court concluded that one skilled in the art would be without basis to reasonably 
doubt the asserted utility on its face. The PTO had not satisfied its initial burden. Accordingly, 
the apphcants should not have been required to substantiate their presumptively correct 
disclosure to avoid a rejection under the first paragraph of Section 112. (M) 

As in Brana, Applicant has asserted that the claimed invention is usefiil for a particular 
practical purpose, an assertion that would be considered credible by a person of ordinary skill in 
the art. As discussed above, the claimed mice have demonstrated specific phenotypes. The 
acceptance among those of skill in the art of knockout mice demonstrating such properties is 
clearly demonstrated. 

Definitive proof that the phenotypes observed in the null mouse would be the same as 
those observed in humans is not a prerequisite to satisfying the utility requirement. It is enough 
that the claimed mouse demonstrates phenotypes, relative to a wild type control mouse, and that 
knockout mice are recognized in the art as models for determining gene fiinction, both in mice 
and in humans. According to Austin et al.: 
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Among the model organisms, the mouse offers particular advantages for the study of 
human biology and disease: (i) the mouse is a mammal and its development, body plan, 
physiology, behavior and diseases have much in common with those of humans ; (ii) 
almost all (99%) mouse genes have homologs in humans ; and (iii) the mouse genome 
supports targeted mutagenesis in specific genes by homologous recombination in 
embryonic stem (ES) cells, allowing genes to be altered efficiently and precisely. 

(p. 921)(emphasis added). 

In addition, as pointed out by Doetschman, one clearly skilled in the art, (Laboratory 

Animal Science 49:137-143, 137 (1999)(copy attached), the phenotypes observed in mice do 

correlate to gene function: 

The conclusions will be that the knockout phenotypes do, in fact, provide accurate 
information conceming gene function, that we should let the unexpected phenotypes lead 
us to the specific cell, tissue, organ culture, and whole animal experiments that are 
relevant to the function of the genes in question, and that the absence of phenotype 
indicates that we have not discovered where or how to look for a phenotype. 

(emphasis added). 

hi Brana, the claimed compound had demonstrated activity against a murine tumor 
implanted in a mouse. Yet, the Federal Circuit found that utility had been demonstrated. Here, 
the invention relates to a disruption in a murine gene in a mouse. Like the tumor mouse model, 
the knockout mouse with a specific gene disrupted is a widely accepted model, the utility of 
which would be readily accepted in the art. It is submitted that one skilled in the art would be 
without basis to be reasonably doubt Applicant's asserted utility, and therefore the Examiner has 
not satisfied the initial burden. 

The Examiner argues that there is no known pain disorder characterized by an increased 
pain threshold. 

Applicant submits that one skilled in the art would clearly recognize the significance of a 
transgenic mouse having an increased pain threshold. Since disruption of the gene caused an 
increase in pain threshold, down regulation of the gene or antagonism of the gene expression 
product would be expected to have a similar effect: reducing pain. The presently claimed mice 
are clearly useful for studying pain as well as developing specifically targeted drug therapies 
(see, for example, new claim 34). 

The Examiner argues that there is no evidence that TRP6 even has a role in pain. 

Applicant submits that now there is. 
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The Examiner argues that there is no evidence that the disclosed results are not due to 
some other altered characteristic in the mouse. 

Applicant submits that an assertion must be taken as truthful unless the Examiner has an 

objective basis to question that assertion. According to the Federal Circuit: 

a specification disclosure which contains a teaching of the manner and process of making 
and using the invention in terms which correspond in scope to those used in describing 
and defining the subject matter sought to be patented must be taken as in compliance with 
the enabling requirement of the first paragraph of Section 112 unless there is reason to 
doubt the objective truth of the statements contained therein which must be relied on for 
enabling support. 

(In re Brand), The observed phenotype was based on comparison with age, gender and 
strained-matched wild type control mice. Other than conjecture, the Examiner has not cited any 
rational basis to question the asserted utility. 

The Examiner argues that "one could argue that use of the claimed mouse to identify 
compounds that decrease pain threshold offers no utility over wild-type because the TRP6 gene 
has no correlation to nociception and therefore, an agent that decreased pain threshold or 
otherwise alters pain perception in the claimed mouse would have the same effect on a wild-type 
mouse and could have been identified using the wild-type mouse." 

AppUcant submits, that even if the Examiner statement were valid, the utility standard is 
not a relative one. That a wild-type mouse could be used is irrelevant to the utility of the claimed 
invention. 

The Examiner argues that "[b]etter characterization of TRP6 gene and a disease or 
condition, and further testing more definitely correlating the gene disruption specifically to 
decreased pain sensitivity per se, would all provide a stronger correlation between disruption of 
TRP6 and decreased pain sensitity. . ." The Examiner argues that the specification does not 
"definitively" correlate that the hot plate test is a manifestation of increased pain threshold. 

Requiring a "definitive" correlation is improper. As set forth in the MPEP: 

There is no predetermined amount or character of evidence that must be provided by an 
applicant to support an asserted utiUtv, therapeutic or otherwise . Rather, the character 
and amount of evidence needed to support an asserted utility will vary depending on what 
is claimed (citations omitted), and whether the asserted utility appears to contravene 
established scientific principles and behefs. (citations omitted). Furthermore, the 
applicant does not have to provide evidence sufficient to establish that an asserted utility 
is true "beyond a reasonable doubt." (citations omitted). Nor must an applicant provide 
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evidence such that it establishes an asserted utility as a matter of statistical certainty . 
Nelson v. Bowler, 626 F.2d 853, 856-57, 206 USPQ 881, 883-84 (CCPA 1980V reversing 
the Board and rejecting Bowler's ar^ments that the evidence of utility was statistically 
insignificant . The court pointed out that a rigorous correlation is not necessary when the 
test is reasonably predictive of the response). 

(MPEP 2107.02, Vn)(emphasis added). Applicant submits that the PTO has 
impermissibly raised the bar of patentabiUty. Applicant is claiming a mouse, not a method of 
treating humans. Applicant has created a novel transgenic mouse having a null TRP6 allele. 
Applicant has observed, using scientifically accepted standardized tests, that the mouse 
demonstrates a decreased sensitivity to pain. 

The Examiner has not set forth any reason or rationale to doubt the objective truth of the 
statements made in the specification. The statements in the specification are based on detailed 
analyses of the mice by those skilled in the art. The influence of genetic background on 
phenotype was already factored into their analyses. As reported in the specification, comparison 
was made with age, gender and strain-matched control mice. All of the employees involved in 
Deltagen's pathology group are either MD's or DVM's, and many in addition hold PhD degrees. 
At least sixteen (16) of the employees or consultants are board certified AC VP or ABP. Unless 
the Examiner has reason to doubt the credibility of the reported results, the burden remains on 
the Examiner to set forth a prima facie case. Unless and until the Examiner is able to do so, the 
Applicant respectfully requests withdrawal of the rejections. 

In addition to their use in studying gene function, the claimed transgenic mice are 
useful for studying gene expression . The mice within the scope of claim 23 contain a visible 
marker such as lacZ. Their use in studying gene expression is clearly recognized by those skilled 
in the art: 

Null-reporter alleles should be created 

The project should generate alleles that are as uniform as possible, to allow efficient 
production and comparison of mouse phenotypes. The alleles should achieve a balance 
of utility, flexibility, throughput and cost. A null allele is an indispensable starting point 
for studying the function of every gene. Inserting a reporter gene (e.g.. P-galactosidase 
or green fluorescent protein) allows a rapid assessment of which cell types normally 
support the expression of that gene . 

(Austin et al. Nature Genetics (2004) 36(9):921-24, 922)(emphasis added)(copy 
attached). Applicant respectfully reminds Examiner that a claimed invention need only satisfy 
one of its stated objectives to satisfy the utility and enablement requirements . 
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In summary, Applicant submits that the claimed transgenic mouse, regardless of any 
disclosed phenotypes, has inherent and well-established utility in the study of the function of the 
gene, and thus satisfies the utility requirement of section 101. Moreover, Applicant believes that 
the transgenic mice are useful for studying TRP6 gene function with respect to the cited 
phenotypes as well as studying gene expression; and are therefore useful for a specific practical 
purpose that would be readily understood by and considered credible by one of ordinary skill in 
the art. 

In light of the arguments set forth above, AppUcant does not believe that the Examiner 
has properly made a prima facie showing that establishes that it is more likely than not that a 
person of ordinary skill in the art would not consider that any utility asserted by the Applicant to 
be specific and substantial. {In re Brana; MPEP § 2107). 

Withdrawal of the rejections is respectfully requested. 

Rejection under 35 U.S.C. § 112, first paragraph 

The Examiner has rejected claims 23-27 because one skilled in the art would allegedly 
not know how to use the claimed invention as a result of the alleged lack of either a specific or 
substantial asserted utility or a well-established utility for the reasons set forth in the utility 
rejection. Applicants respectfully traverse the rejection. For the reasons set forth above, the 
claimed invention satisfies the utility requirement. Therefore, one skilled in the art would know 
how to use the invention. 

In view of the above amendments and remarks, Applicant respectfully requests a Notice 
of Allowance. If the Examiner believes a telephone conference would advance the prosecution 
of this application, the Examiner is invited to telephone the undersigned at the below-listed 
telephone number. 

The Commissioner is hereby authorized to charge any deficiency or credit any 
overpayment to Deposit Account No. 13-2725. 



Respectfully submitted, 
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Background on Mouse as a Model Organism 

Over the past century, the mouse has developed into the premier mammalian model system 
for genetic research. Scientists from a wide range of biomedical fields have gravitated to the mouse 
because of its close genetic and physiological similarities to humans, as w^ell as the ease with which 
its genome can be manipulated and analyzed. 

Although yeasts, worms and flies are excellent models for studying the cell cycle and many 
developmental processes, mice are far better tools for probing the immune, endocrine, nervous, 
cardiovascular, skeletal and other complex physiological systems that mammals share. Like humans 
and many other mammals, mice naturally develop diseases that affect these systems, including 
cancer, atherosclerosis, hypertension, diabetes, osteoporosis and glaucoma. In addition, certain 
diseases that afflict humans but normally do not strike mice, such as cystic fibrosis and Alzheimer's, 
can be induced by manipulating the mouse genome and environment. Adding to the mouse's appeal 
as a model for biomedical research is the animal's relatively low cost of maintenance and its ability to 
quickly multiply, reproducing as often as every nine weeks. 

Mouse models currently available for genetic research include thousands of unique inbred 
strains and genetically engineered mutants. There are mice prone to different cancers, diabetes, 
obesity, blindness, Lou Gehrig's disease, Huntington's disease, anxiety, aggressive behavior, 
alcoholism and even drug addiction. Immunodeficient mice can also be used as hosts to grow both 
normal and diseased human tissue, a boon for cancer and ADDS research. 

In the early days of biomedical research, scientists developed mouse models by selecting and 
breeding mice to produce offspring with the desired traits. Researchers also learned to produce 
useful, new models of genetic disease quickly and in large numbers by exposing mice to DNA- 
damaging chemicals, a process known as chemical mutagenesis. 

In recent decades, researchers have utilized an array of innovative genetic technologies to 
produce custom-made mouse models for a wide array of specific diseases, as well as to study the 
function of targeted genes. One of the most important advances has been the ability to create 
transgenic mice, in which a new gene is inserted into the animal's germline. Even more powerful 
approaches, dependent on homologous recombination, have permitted the development of tools to 
"knock out" genes, which involves replacing existing genes with altered versions; or to "knock in" 
genes, which involves altering a mouse gene in its natural location. To preserve these extremely 
valuable strains of mice and to assist in the propagation of strains with poor reproduction, researchers 
have taken advantage of state-of-the-art reproductive technologies, including cryopreservation of 
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embryos, in vitro fertilization and ovary transplantation. 

The Jackson Laboratory, a publicly supported national repository for mouse models in Bar 
Harbor, Maine, has played a crucial role in the development of the mouse into the leading model for 
biomedical research. Established in 1929, the non-profit center pioneered the use of inbred laboratory 
mice to uncover the genetic basis of human development and disease. In fact, the famous "Black 6" 
or C57BL/6J mouse strain whose genome is the focus of the landmark sequencing effort was 
developed in the early 1 920s by The Jackson Laboratory founder Clarence Cook Little. 

Today, researchers at The Jackson Laboratory pursue projects in areas that include cancer, 
development and aging, immune system and blood disorders, neurological and sensory disorders, and 
metabolic diseases. Informatics researchers work with the public sequencing consortium to curate 
and integrate the sequenced mouse genome data with the wealth of biological knowledge collected in 
Jackson's Mouse Genome Informatics resource. 

In addition. The Jackson Laboratory distributes 2,700 different strains and stocks as breeding 
mice, frozen embryos or DNA samples. In FY 2002 alone, the lab supplied approximately 2 million 
mice to the international scientific community. 

Listed below is a sampling of mouse models developed and/or distributed by The Jackson 
Laboratory, along with brief descriptions of the human diseases they are helping scientists to 
understand: 

• Down Syndrome - One of the most common genetic birth defects in humans, 
occurring once in every 800 to 1,000 live births, Down syndrome results from an extra copy of 
chromosome 21, an abnormality known as trisomy. The Ts65Dn mouse, developed at The Jackson 
Laboratory, mimics trisomy 21 and exhibits many of the behavioral, leaming, and physiological 
defects associated with the syndrome in humans, including mental deficits, small size, obesity, 
hydrocephalus and thymic defects. This model represents the latest and best improvement of Down 
syndrome models to facilitate research into the human condition. 

• Cystic Fibrosis (CF) - The Cftr knockout mouse has helped advance research into 
cystic fibrosis, the most common fatal genetic disease in the United States today, occurring in 
approximately one of every 3,300 live births. Scientists now know that CF is caused by a small 
defect in the gene that manufactures CFTR, a protein that regulates the passage of salts and water in 
and out of cells. Studies with the Cftr knockout have shown that the disease results from a failure to 
clear certain bacteria from the lung, which leads to mucus retention and subsequent lung disease. 
These mice have become models for developing new approaches to correct the CF defect and cure 
the disease. 

• Cancer - The p53 knockout mouse has a disabled tiimor suppressor gene that 
makes it highly susceptible to various cancers, including lymphomas and osteosarcomas. The mouse 
has emerged as an important model for human Li-Fraumeni syndrome, a form of familial breast 
cancer. 

• Glaucoma - The DBA/2J mouse exhibits many of the symptoms that are often 
associated with human glaucoma, including elevated intraocular pressure. Glaucoma is a debilitating 
eye disease that is the second leading cause of blindness in the United States. 

• Type 1 Diabetes - This autoimmune disease, also known as Juvenile Diabetes, or 
Insulin Dependent Diabetes Mellitus (IDDM), accounts for up to 10 percent of diabetes cases. Non- 
obese Diabetic (NOD) mice are enabling researchers to identify IDDM susceptibility genes and 
disease mechanisms. 

• Type 2 Diabetes - A metabolic disorder also called Non-Insulin Dependent Diabetes 
Mellitus (NIDDM), this is the most common form of diabetes and occurs primarily after age 40. The 



leading mouse models for NIDDM and obesity research were all developed at The Jackson 
Laboratory: Q?/"^, Lep''^ Lepr^ and tub, 

• Epilepsy - The "slow-wave epilepsy," or swe, mouse is the only model to exhibit both 
of the two major forms of epilepsy: petit mal (absence) and grand mal (convulsive). It shows 
particular promise for research into absence seizures, which occur most oiften in children. 

• Heart Disease - Elevated blood cholesterol levels and plaque buildup in arteries within 
three months of birth (even on a low-fat diet) are characteristics of several experimental models for 
human atherosclerosis: the Apoe knockout mouse and C57BL/6J. 

• Muscular Dystrophy - The Dmd ""^^ mouse is a model for Duchenne Muscular 
Dystrophy, a rare neuromuscular disorder in young males that is inherited as an X-linked recessive 
trait and results in progressive muscle degeneration. 

• Ovarian Tumors - The SWR and SWXJ mouse models provide excellent research 
platforms for studying the genetic basis of ovarian granulosa cell tumors, a common and very serious 
form of malignant ovarian tvmior in young girls and post-menopausal women. 

Contact: Geoff Spencer NHGRI Phone: (301) 402-091 1 
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The Knockout Mouse Project 

Mouse knoclfout technology provides a powerful means of elucidating gene function in fho^ and a publicly available 
genome-wide collection of mouse knockouts would be significantly enabling for biomedical discoveiy. to date, published 
knockouts exist for only about 10% of mouse genes. Furthermore, many of these are limited in utility t>ecau$e they have 
not been made or phenotyped In standardized ways, and many are not freely available to researchers. It Is time to harness 
new technolc^ies and efficiencies of production to mount a high-throughput Intemational effort to produce and 
phenotype knockouts for ail mouse genes, and place these resources Into the public domain. 



Kt)w that the humaa ajui riKius« ^satime 
s«c)u«nci!s dtv known aUenttoA has turned 
10 elucidating gene funccion and identifying 
geite pi'<Klu<:ts dliat might \v*\x thcraptfuiic 
value. The laboratory nio^we (Afuj int^culm) 
Ka* ha<i a prominent role in the 4tudy of 
hurrwn disease mechanisms throughout the 
rich, lOO-ycar history of dassica] mouse genet- 
ics cxcmptilied by die (csscm^ learned hoTn 
nsttiraUy occurring mutanUi such as agouti^ 
rcder' and obese*. Tht largc-scatc production 
and Anal^'Ms of induced genetic mutations in 
worms, ftik'i, Jtebiansh and mice have greatly 
aeceli^'atetl the understanding ofgenc {unction 
in these itrgantsms;. Among die model c»)$an- 
isms, the mmm offers paitii^ular advantages 
for the stiidy of human biology and disea^: (i) 
the mqmc is a maninwl and its devijlopmettt, 
l>ody plan, physiokiigy, behavior and diseases 
have mudi sn contnnon with rho$e of humans; 
(ii) almost all (99%) mouse genes have 
homologii in humaru; and (iii) the mouse 
genome j>u imports targeted mutagenesis in spe- 
cific genej; by hotnologous recombination in 
embryonic stem (£S) cells, allowing gcn»» to be 
altered efficiendy and ptrtisdy. 

11)e ability to disrupt^ or knock out, a ^pe- 
clfic gene in E$ celU and rni<4' wa$ developed 
in the late i980s ( ret'. 7), and the use of knodc- 
out mice ha^ led to many insights into human 
biology and disca*c*'^*. Current lecimology 
also penniu ins^tion of 'reporter' g«]ie« into 
the knod(cd>out gene» which can then be 
Oied to determine the temporal and 9patia! 

The Comptehcmivc HmKkout Movte 
Project CoHioriium* 

*Aiiihors and dmr a^liatiom art tisted at the 
end of the paptr. 



expression pattern of the knocked-out gene in 
mouse tis^tues. 5ud) marking of cells fay a 
reporter gene ^dliiates the ideniification of 
new cdJ type* according to their gene cxpres- 
jion patterns and allows further characteriza- 
tion of ntarked ti&suei^aitd single cetb. 

Appreciation of the power of mouse genet- 
ICS to inform the study of mtmnialian physi- 
clog)' and disease, coupled with (he Advent of 
the mouse genome ieq««nce and the eaSrC of 
producing mwiated alleJe*, h^ts catalyxed pub- 
lic and private sector initiatives to produce 
mouie mutants on a lai^e Kale, with the goal 
of eventually knocking out a substantial por* 
tion of the mouse genome'''*'**. Urge-scak% 
publicly funded gene- trap programs have 
been iaiUaled in se%'cral countrie^i v/itli the 
International Gene Trap O>nsoi-tium coordi^ 
naiing certain eflbris and resources^***'. 

Despite these e^ort^ the tolaJ number of 
knockout mke descnbed in the literature is 
relatt\^y modcit, cortesponding lo only - 10% 
of the --25,000 utouse g£nc». The curated 
Mouse Knockout Si. Mutation D^itaba^ lists 
unique genes (C Rathbone, personal 
cojnmunication)^ Uie curatcd Mou&£ Genome 
Datakoe Uits 2,947 unique geneii» and on 
anaiyss at Lexicon Oen«tics id«nli6ed 2»492 
unique genes tH.?^, unpubli.died data). Moa 
of these knockouts arc not rcatiily available to 
sdcntisU who may H'ant Jo iise tl>cm in their 
research: for example, only 415 unique gcnei 
ar« represented as urgcted mutations in the 
lackson Laboralorya Induced Mutant 
ResouKe database (S. Rockwood, personal 
commujiicarion). 

The converging interests of multiple metn- 
ber^ of the genomics aimmunity led to a meet- 
it^ to disAiss the ad^Hxability and feasibility of 



a dedicated project to produce Imockout aUden 
for all mouse gene$ and place them imo the 
public domain. The meeting took place from 
30 Sqnembcr to I October 2003 at llie 
Ba.nbury Conference Center at Cold Spring 
liarbor Laboratory, The attendees of the meet* 
ing ore the authors this paper. 

Is a systentatfc project warranted? 

A coordinated project to systematically knodc 
out all nu>use genes ii likely to be of enormous 
benefii lo the research community, givtn the 
dettiotuuaied power ofkiiockout mi<x to duci* 
date gene liinciton, the: frequcnq' of unpre- 
dieted (shenoiypcs in knockout mice, the. 
potential economies of scale in an oiB^nirjed 
and caiiefull)' planned project» and the high cost 
and lack of availability of knockout mice being 
made in current efforts. Moreover, implement- 
ing such a systematic and compreheiuive plan 
will gready accelerate the transUtion of genome 
sequences into biologioU insights. Knockout ES 
celU and mice currcnUy available from the pub* 
lie ami private sectors should be incorporated 
into tlie genome-wide iRitiative as mudt as 
possible, althou^ somx may be need to be pcO' 
duced again if the}* were made wiUt subofrtiinal 
methods (e^^ not including a marker) or if 
their use is restricted by intellect ual property or 
other oonsuaints. The advantages of such a sys- 
tematic and coorilinatcd effort indude ellicknt 
production widi reduced cosu: uniform use of 
knockout methods* alloiwing for more cs>mpa- 
rabllity betviwen knockuut mice: and ready 
access to mios, their derivatives and data to all 
Twcarchcrs v^ithout encumbrance. Solutions lo 
the logistical^ organtrattonal and infortnalics 
issues associated with producing, characteriZ' 
ing and distributing such a large number of 
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Rg^rt ] Structure ot rcsaurfe prGdiK:t^k»l irv Ihe proposed KOr^P. Oiihg th« rtlbuse geriom« sequence 
as a foundation, kncclcout atleles in ES c«If$ will be pfcdi^«d for a?) genes. A "subset cl £S cqM 
knockpvts will (» used each yesf to produce knocliout m^ce, Cetermir^ Ine ex|3<ressiDn pattern Qi the 
targeted in a variety of t^es and catry out screening-levet (Her 1) phenotyping. In a sufc&ei of 
mousfi lines, tfsnscriploime analysis ai^d more detailed sy^tem-^pecific (Tter 2} p^leno^yp^^g wit! 
done. Fmalty. speciaJized phenstyping wiU t>e done on a smaller number oi mouse lines with 
particulariy interesting pheiu>typ«». AH stages witt occur within the purview ol the KQMP except lor the 
s^lalizcd iilientfiypmgt which will occur in individual ta|>Dratflrie$ with par^cufar fxperti^H. 




mice will driiw (xtm tlic cxperioKc of rcl9tc<i 
projects In the piivote sector and in acadcmta, 
>vhich have made or phcnotypcd hundreds of 
knockout mice i«ing a variety of tcjchniqucs. 
Lcssims learned (zotn these projects mdudethc 
need for rcdundanc)^ at cadi step to tnidgatc 
pipdine bottlmccks and the need for robust 
tnfbrmattCit systems to track the production^ 
aruilysiSf maintctiance and disihbuiion of thou- 
sands' of targ«tirm constructs, ES ccUs and mice. 

NulUreporUr sM^\h iht>u\d he created 
The project should generate alleles that ar« 
as uniform as pas$ifale» to allow cflSdcnt pro- 
duction and comparison of mouse phcno* 
tj'pes. The alides thould achieve a babncc of 
uliiity^ Jlexibiliiy, throughput and cost. A 
null allele is an mdi5pensab!c starting point 
for itudyin^ the funcUon of every gene. 
Inserting a reporter |;ene (t.f;., p^galactod- 
dase or green fluore«<ent protein) allows a 
rapid a^cs^tncnt of which cell type* nor- 
mally support the expression of thar gene, 
llierefore. we propose to produce a null- 
reporter allele fof each gene. Making each 
mutation conditionaJ in nature by adding 
ctVclemems hxP or FRT dxa) would 



be dejiirftble, but we do not advocaii* this u 
pan of the mutagen<e$is straH^gy unless the 
technological limitations ciirrently as^voci- 
afed with gi'ncratin^g co»tiItlonAl targeted 
mutattoni on a large scale and in a cost- 
effective manner can be overcome. 

A coir^tnation of methods should be u$«d 
Various methods can be used to create 
mutated alides, including gciic targetingf 
gene trapping and llHA interference. 
Advantages of coiiventiunai gene targeting 
include flexibility in design of allcl«» lack of 
limitation to mtegration hot spots. rtiljabiUty 
for producing ccmiplde loss-of- function alle- 
les, ability to produce reporter knock* »n.J and 
conditional alleles, and ability to target spHce 
variants and alternative promoters. BAO 
based targeting has the i>otenttal advantages 
of higher recombination cf^ciendes and Bex^ 
ibility for producing complex mutated alle- 
les". Gene trapping is rapid, is cost -effective 
And produce* a ht%< variety of inscrtional 
mutations throughout the genome but can be 
somewhat less flexible*'*'''^*, There is uncer< 
tauity regarding the pcrccnMige of gene traps 
that produce a true niill allele and the Iraction 



of the genome that can ultimately be covered 
by gcnc-Erap mutationsw Trapping is not 
entirely random but shows preference for 
larger transcription units and genes more 
highly expressed in ES cells, hi recent studies, 
gene trapping was estimated to potentially 
produce null alkies fitf S0~60% of all gene«, 
perhaps more if a variety ofgeae-trap vectots 
with diflerent insertion diaraaeristtes is 
ascd''*^*. RNA interference offers enormous 
promise for ajialysis of gene function in 
mke^^ but not yet sufficiently developed for 
large-scale production of gene niodiUcations 
capable of reliably producing true null alleles. 
Both gene-targeting and gene-trapping meth- 
ods are suitable for producing large numbers 
of kncKkout alleles^ andi given their comple* 
mcnlary advantages, a combination of theae 
methods should be itswt to produce the 
genome<wide collection of null -reporter aJle- 
les most efficiently.. 

What should the deliverables be? 
A genome- wide knockout mouse project 
could deli^'tr to the research community a 
trove of valuable reagents a.iid data, including 
targeting and trapping constructs and vec- 
tors, mutant ES cell Jinest live nii^e* frozen 
sperm, frozen embryos, phenotypic data at a 
variety of levels and detail, and a database 
with data vtsuiLliration and mining tools. At a 
mintjnum, we believe that a comprehensive 
genome-wide re^urce of mutant ES cell lines 
^tn an inbred ttrain, eadi with a different 
gene knocked out, ;iboutd be produced and 
m«ide av!a.ilabie to the community. Choosing 
an inbred line {129/SvEvTac or C57BU6n. 
and evaJimting the altern.iitive of using Fj ES 
cells and tetr^aploid ag|;iegatio» to provide 
pottmial Umc saving^) merits addiiiotial sct- 
entsftc review and discusston^*^. £S cells 
slioutd becon^'eried into mice at a rate con- 
sistent with project funding and the ability of 
the worldwide scicntiftc communiiy to ana- 
lyze them. Although the value tt«d cosi-effec- 
tiveness of systematic;dty characterizing the 
mice is a matter of debate, a limited set of 
bfo^d ai)d cost-effective screens, pr^ably 
including asseiisnicnt of developmental 
lethality, phytiical ejic^imination, basic blood 
tests, and histochemicai analysis of reporter 
gene expression, would be useful. More 
detailed phenotypingi based on findings 
from the initial screen or eidaling knowledge 
of the gene's function, could be done at spe- 
ciiiiliTed centers. All cell clones and mice 
(as frozen embryos or sperm) should be 
available to any researchci H minimal cost, 
and all mouse phenotyping and reporter 
expression data should be deposited into a 
public database. 
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In {fctcrmining how to implement the pro- 

jcct, uttlity to the research conimuniry*hould 
W the standard for judging value. Each itcp 
af^cf ES cell g?;iiCf4>tUin mouse cr«ition, 
breeding, cacprcuion atulysK ph<notyjnng) 
wiU make Uie resource useM to more 
r^scarchm bui will also increase cacu ant! xi" 
entUtc compIe»iy. We therefore advocate a 
'pyramid' struaure for the project (Fig. 1), At 
the base of the pyramid is the genomc-wkle 
collection ufniutuU ES CeUi for every niOUM 
gene* Over time, a subset of these mutaiU ES 
ceib sittiuld he made inCD mice and character- 
ized with an iniliiat phenotirpe screefi (Tier \; 
rig. 0 and aiial)'sis of dssue reponer^gene 
expression. A subset of these Ufiti should be 
profiled by microarray analysi5« and a subset of 
these proljled by system- sped fic (Tier 2) phe- 
notyping, l>aMNi on tJic results of the 'Her i 
phenotyping, array studies, coasting knowl- 
edge of the gene's functiott and the gene*s tissue 
e)ipressK>n pastern. With tkne, the upper tkt& 
of die pyramid will be Gifcd out, eventually 
translbrming the pyramid into a cube, with 
information of ^ types aVaiHable for all genes. 

Tliis project will require the tesoluiion of 
numerous intellectuai properly claims involve 
iAg the production and u»e of knoeiuwt tnice. 
To deal wlxh the existing patents that cover 
the tech nologies and processes Involved in the 
prodyction of mutant mice* v\*c suggest that a 
'patent pool', such a* that used in the semi- 
conductor indusiry^^ should be gcnfratcd, 
Sorral indinduals who represent entities diat 
control patents on mouse knockout icchnolo- 
gies are authors on thii paper* and they agree 
with this approach. We aUo agree that any 
mutant ES celU or mice produced ihould be 
placed imm«dtale!y in the puHic domain. 

Mechanisms and costs 

ES cell produ^on. Automated knockout 
eonsirua and ES celt produaion ahouM be 
carried oui in coordinated cetiters to ei^sure 
cflificncy and uniformity. We estimajc that 
mos( known mouse genes could bo knocked 
<rut in ES cclU within 5 year u&ing a combina - 
tion of gene«trapping and gene'^urgeitng tedi» 
niqiues. Gene trapping can produce a large 
number of mutated alklett quickly» but its 
progress should be monitored doiciy to deter- 
mine when its yield of new genes diminishes'^ 
and» tlierefore. when targeting should be 
increasingly ic-lied on. As tar;ge -scale trapping 
projects have already defined gene classed that 
{TTC^bly cannot be knockeil out by tr;;ipping 
(e.jH., stngle-exon OPQU. genes that uc not 
expressed in ES eeiUK we propose that target- 
ing begin on those classes immediately. All £S 
cells should be made available to the research 
community, becaiue this coUection itself 



would be a valuable resource. Hflforu in the 
pidjlic and private sectors have already 
knocked out many genes in ES cdls* and, to the 
dcgfw iliat the alleles produced fit the pre- 
scribed characteristics (i.e., null alleles with a 
reporter) md are avaibbk:» every ttkta should 
be matie to incoiparate these into th< planned 
public resource. Gwt* for generating this part 
of the resource were citimated at between 
$9-1 1 mtliion/ycar for fftic years (these and all 
subsccjuent figures are direct costs). 

Mouse production^ The subset of ES ceils 
made into mice each year should be chosen by 
a peer^review process. CentraJ facilities for 
high'tfficlcncy moase production. genot)'p- 
ir>g, breeding, maintenance and archiving 
should be funded, to lake advantage of effi- 
dctines of scale in mouse creation and distri- 
bution. Researchers could apply to produce 
groups of mice outside the centers, as lor^ as 
ihey meet the coii specifications of the pro* 
gram. All mice should be made dvaliable 
immediately to researchers as frozen «mbr>t>s 
or sperm, for nominal distribution a^st. An 
initial target of 500 new mouse lines per )'ear 
would double the current rate at wliich new 
genes are knocked out in the public sector; we 
feel that this rate is vithin the capacity of the 
biomedical reseairch oommumty worldwide 
to absorb and analyze. We estimated the ini> 
tial co^t of this tcve^ of mouse production to 
be $12. 15 million per year. 

Reporter tissue expression analysis. 
Approximately JO tissues from adult and 
devdi«^menial stages should be sampled to 
cover the main oi^gan systems. Analysis meth- 
ods should be customized to the organ s)'st€m 
and marker, and a searchable database of the 
sites of gene expresaion, and the images shmv- 
ing them, should be produced. Centers to 
carry out tltese analyses and data curation 
should be selected by peer review. We esti- 
maied the cost of this component for 500 
mouse lines to be $2.5-5 million per year, 
depending on how much tissue sectioning and 
cdl4e\<d analysts is done. 

Phmotyping, Tier I phenotypitig should 
be a tow-cost screen for dear phenoty pes and 
should be done on all mouse hxoi produced. 
Tier 1 sl\ould include home-cage Observation, 
physical examination, blood hcmatulogical 
and chemistry profiles, and ^kial ratli- 
ographi. The centers producing the mice 
should carry out die Tier I arulyscs, at an esti- 
mated cost of S2.5 miilion per year for 500 
lines. Selected lines^ chosen on the basis of 
findiings from Tier 1 phenotyping, tissue 
expression patterns* microarray data and the 
scientific Utcrarurc, should undergo more 
detailed and siTacm-foais^d Tier Z phenotyp- 
ing. Tier 2 phcnotyping should be done in 



specialized phcnotyping centers^ akin to (hose 
already in operation for phenotyping of mice 
produced by ENU mutagenesis. AO Ttcr 1 and 
Her 2 [phenotyping should be done on a uni« 
form genetic backgroutid by dedicated groups 
of ijidividu(i^ m single k>ations» to fji^tate 
coiubtency and cross-comparison of results 
among different mouse lines. All I'ler 1 and 
Tier 2 phcnot>'ping results should be 
deposited into a central projecl database freely 
accessible to the research communit)* More 
detailed and specialized phcnotyping could be 
done by individual reisearchers in their own 
labc^torics; depositiott of this more detaded 
phcttotypc data would be encouraged 

Tranaicriptom« analysis. Transcriptome 
profiling of tissues from each knockout line, 
collected in a uniform way across aQ mice and 
tis>&uev aiid. placed into a searchable relational 
daCabai^e, would add substantially to the set- 
endflc value of the projeciii though it would 
iiljio 2ddt coLtstdcrably to its cost. 
Tran^riptotrse an^ysi^ sitould therefore be 
doj^e on a subset of mice, chosen by peer 
review. We estimate that, with the best cur- 
rently available array technology, an anal>'sis 
often tissues woidd cost •»Sl8,.(K)0 per line. 

OmcBusions 

Thisprojea, tentatively named the Knockout 
Mouse Project (KOMP), will be a crucial step 
in harnessing the power of the genome to 
drive biomedical dtsco^iery. By creating a 
publicly available resource of knockout mice 
jif)d phcnotypic da(a» KONIP wUI knock 
down barriers for biologists: to use mouse 
geoetf cs in thdr research. The scientiftc con^ 
scnsus that we achieved — that a dedicated 
pioject should be unilertaken to produce 
mutant mice for all genes and place them 
into the public domain— is important but Is 
only the beginning, Implementation of these 
recommendations will require additional 
input from the greater scientific community, 
including those responsible for program- 
matic direction and financial support of bio* 
medical research In the public and private 
sectors. This ambitious and historic initiative 
must l>e Carried out as a collaborative effort 
of the worldwide scientific community, so 
thai all can contribute their skills, and all can 
benefits International discussions among sci' 
cntiftc and programmatic staff^i since the 
Banbiiiy rneeiing at Cold Spring Harbor, in 
both the public and private sectors, have 
shown that there is great enthusiasm and 
commitment to this vision. The neict step for 
KOMP will be to nio>'e this visionary plan 
from conceptualization to implementation, 
with an urgency befuting the benefits it will 
bring to science and medicine. 
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Special Topic Overview 

Interpretation of Phenotype in 
Genetically Engineered Mice 



Thomi^s Bootschman 

Bachgt'ound and Purpose: In mice, goiietic engineering involves two general approachcjs— addition of an ex- 
ogenous gene, resulting in transgenic mice, and um of knockout mice, which have a targeted mutation of an 
endogenous g^ene. The advantages of those approaches is that questions can bo asked about the function of a 
particular gene in a living matttmalian organism, taking into account interactions among cell-S, tissues, and 
organs vmder normalt disoase, injuryj and strejss situations. 

MefhodH: Review of the literature concentrating principally on knockout mice and questions of unexpected 
phenot>7)cs, lack of phenotype, redundancy, and effect of genetic background on phenotype will be discussed. 

Conclusioti: There is little gone redundancy in mammaLs; knockout phenotypes exist even if none are imme- 
diately apparent; and investigating phenotypes in colonies of mixed gene tic background may reveal not only 
more phenotypes, hut also may lead to better understanding of the molecular or cellular mechanisim undcrly- 
ing the phenotype and to discovery of modifier gene(si). 



Otm cilen hears the comment that genetically engineered 
mice, especially knockout mice, are mt mcM because they 
frequently do not yield the expected phenot^-pe, or Uiey dont 
seeiB to have any jilieriotype. These expectations ainj often 
based on years of v^rork, and in siome instances, thousands of 
publications of mt>stly In vitro studies. Examples of tmuat- 
pccted j>hem>typcSj based largely on expiSrieflCe with trans- 
forming growth factor bei« and basic fibroblast 
growth factor {f^gft) knockout and transgenic mici^ will be 
presented to discuss possible reasons for unexpected Icnqck- 
out phenotypes. The conclusions will ha that the knockout 
phenotypes do, in fact, provide accurate information con- 
cerning ge^e functio^i that we should let the unexpect^td 
phenotypes lead xis to the specific cell? tissue, organ culturoj. 
and whole animal experiments tliat are relevant ito the fuiic- 

tion of the genes in qiDcstion, and that the absence of phen o^ 
ty]>e indicates that we have not discovered where or how to 
look for a phenot>'pe. 

Before eutennginlo how one sliould interpret unex|iect£d 
knockout phenotypes and how one should de»l with lack of 
luiockout phenotypes, it is necessary to give a brief introduc- 
tion into how knockout mice arc made. For detailed inform a- 
tioa, Uie foUo^dng rewows axe suggesKed {1-4). TVansgemc 
technology has had a long history; thus, an introduction to 
thatteclmology wtLI not be given here. Rather, the following 
reviews are BUgfrested (5, 6>. At this juncture, it should be 
noted that, although transgenic vertebrates ranging from 
fish to bovids have iieen produced^ luiockout technology has 
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to date been saccessM only in mice, even though e nibryoni* 
stem (ES) cells have been produced from several other spa 
des, including liamster (7), rat (8), rabbit (9, 10), pig {U-Vdl 
bovine {14, 15}, and zcbmfish {16}. Consequently, the entire 
discussion will be focused on mice. 

Knockout mice are generated by the injection of geneti- 
cally engineered or gene-taT^etcd ES cells into a mouse bias 
tocyst to generate a chimeric embryo, which in turn can pasi 
on the engineered gene to ite olfepring. ES cell Unes are 
tablished llrom the inner cell mass of a mouse blaHtocysl, s( 
that when injected into blastocysts, Uie ES cells can incor 
porate into the inner cell mass of the recipient blastocysts 
thereby dhimerixing them. Subsequent to transfer of the chi 
merie blaistocysts into uteri of pseudopregiiaat mice, cM 
ittfiric mice are bora< If the germline of a chimeric mouse ii 

colonized J?y cells derived from tlic injeeted ES cells, the chi 
mera is termed a "germline" chimera, Some of Uie ofTsprin^ 
of the garmline chimeras will then cany the engineeret 
gene in their genomes. Gene targeting in ES cells u^ses Uii 
ES cells* BNA repair apparatus to bring about homologouf 
i-ecombinatton between an exogenous DNA fragment trans 
fected into the ES cell and its homologous region in the ge 
nome. Hoinotogons recombination usually results ii 
replacement of the endogenons region witli the exogenou? 
fragment, thereby altering the endogenous gene in i 
prespecitied maruier. There aie many variatimis on ihia |>ro 
cedure by v;hich genes can b^ ul Uired not only to ablnto fnnc 
tion, but also to make more subtle mutations (17-:i£^). Sud 
procedures csin be used to introduce point nuitationcs, re 
move specific splicing prOilucts, switch i^>fornis, and human 
i»e genes. In addition, technology has recently beei 



deivebped to make conditional and indudble knockouts in 
which gmQ funcli^^n is ai>lated eiOier in a developmeuitally 
spa tifted tissue {20-SB2) or in an inducible maimer (23-26). 
These tejchnique^, though exciting, will not be fiarther dis- 
cussed. 

Bxte»Mve naaredimdan^ In the T€Fp faimly: Scv« 
era! iliousand culture studies on the three mammalian 
tiims&nmiig growth factor beta proteim (TOFps 1» 2, and 3) 
have implicated these growth md differentiatiott factors in 
th« function of nearly every cell typ^ studlel Expi-ession 
studies iftdScated xmkim md overUipping expression of the 
tlirte TOFps (27, 28). For exaiiii>k, ovca'lappiiiiir protrmi local- 
isation was fmittd ill aU gu* eptUielia, all layers of th« skk*, alt 
tlii^e mvmltt lypcs, Iddney ttdsiies, bronchi, csrlikgi*, and 
bone {'^ble D. 'I^eiher with titet fact that all thi«e TOilis sig- 
na! throng a eommon TOW type-II reeepto (Fifure IX theso 
data strougly saggesit considerable redundancy 'm toclion. 
Consequently, it aurpri&ing tliat^ of the >30 phej^«>t>*pes of th« 
fchr^ kneckoat mice tha^ we have desoribed C2&-31)» none 
appear to be overlapping (Tabk 2K Ih^QCi rtsEvks istdicate ex« 
fcen&ive noaredundaacy belwe&n TGFp ligands even thoijgh 
l3^0rijfeconsiderableoverl{^piftC3q>rasMori. Of course, th eee re- 
suits do not rule out tk^ prnM^ty oT some redundancy in smie 
tsBSoes. Combination of tlie ligand Imockouts would \inc-t>v^!r 
SisdssltualiOttS, audit klik% Oxat a few will exist, but; W ms\- 
overlapping plienotypes for three ligands strongly suggesfes 
that ft vast nninbor of their toelioi^ ai'c b<% mdxmclRnL 

Hieare ar« several possible Gxplaniitdoris for hov** IhBW. can 
be so much overlap in ligand «Kpi'e3sion and yet so mnch 
sp*;cilic ligand ibnction. First, TGFps are secr«^t«id as l&i^m 
peptides and mnst Ik; activated beibre i^liey can bin<l recep- 
tors (32^35). The mechanism by which tliis t^sxtracellular 
proctj^^sing occwrs is not well understood ajid may be dilfer- 
eat for eucb TGF^. Emm, ligand ptoce^fiing presumably de- 
termines same tyj^ctional specificity for the three TGF|3^. 
Second, there m a thkd type of TGFp rrapton TGF^^5K3, that 
can interact with ligand and receptur types I and 11 before 
cytoplasmic signaling can occur, though involvement «f 
1'GF1^R3 is not essential hr $ignaling (36-S8). Association 
with typ0. Ill receptoi-^ thought to ^snhance Bonui TGFfiRI 
and 2^1igand interactions. Upon ligand binding, the serine/ 
threonine mceptor TGFP2 ihen assoeial<?s with and phos- 
phorylates the transmenihrane serine/threonine receptor 
TGFpEl, which in turn initiates a phospborylation-medi- 
at:ed signaling cascade. Hencc^, combinatorial recept^r/hgand 
inleradaoriii will also detormine functioaal specilkit^ Thirds 
ssgntdin^ from TGFpRl can occur tlirough two cytaplasiuk 
signaling proteins calieil ShiAD2 and 3 m, 40) aad, pRV 
haps, through a third called SMAD5 (41). In addition, 
SMA06 and 7 aut also interact with tlie other SMADs to in- 
hibit signaling (42^44). Henc^. differential SB^'IAD protein 
interactions with transcriptional machinery will probably 
also determine functional speciRcity for the tliiue TGFp 
ligands. Finally, there may be several xton-transcriptional 
fiigitaling pathways for TCFps. For example, we have found 
that XGFpl-deficient plateleta from Tgfbl knockout mice 
have impaired platelet aggregration that can be restored by 
ittcubatirig isolated plateiots with recombinant TGFpl (un- 
published observations). Becauae platebt$ do not have a 
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Tlici poilvd«nal ^intibiw^ieii used w<sresji«i:i11c f»r rftS^fJ'aea 4-19 t>f TGF^l 
aud a aid rijsitiues t^-SD «f TQF^a. Tisia svidin^bintiR systtym ys«a 
fjjr sttiiriing- Dstoi jjljtninftd Is am immunohiatodKjmkal »tudy of P6)ll«n 
et .'il. 1281 Rf?pr"<ltt-:;iHl froni TheJmifimlofC^ll Bioli^, 11.5:1X1^1- 
1105, by cr.»p¥rijght pcrmiJSRbs &fTbs fek&feUer Oaiversity Press. 

nncleus, there must exist a signaling pathway that is 
nontranscriptional. In saiamary; given the complexities of 
ligand processing, receptor iiiteractbn.% and signaling path- 
ways, it becomes clear why n^dundancy in TGFl, 2, and 3 
function has not been detected at the whole aniraiil kvei, 
even though there m ainsiderabl^ overlap in expi'csssion of 
Tgflj gone famib' tnenibers. Cotm^^quentl^; if other gene fanii- 
lies ftmction with similar e(>mple:dty, it is hkely that, in the 
final analysis, little functional redundancy will bo found 
within gene famili«^S, 

Two striking examples of apparent to^tional. redundancy 
are worth considering. The first involves myogenic genes, 
and the second involves retinoid: add receptors. Contmry to 
^^rly interpretalinns, redundancy does not now appear to be 
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Aclditiohal Transcription 
Factor Targets ^ 




Ceil Cycle Genes^ • U/'^ ^: '-^ \: 
:/ Gr6i*th Factor iRcccj^^ 

Figure 1. ITIFp dgnalir,^ pathway. Thfi TGFp li^anda, TGFfJl (^1), reF|l2 {^2), and TGFp3 (^3)^ e.^Gt pnmariiy in a latest Xorta m vivo 
und are activated by mechaniamts not j-et cbsr. In penenil, TGFp'i 'interacts witlt a TGF|i type III mccptoi' {HIID before interaction with 
TCFp type 11 CEU) ar\^ TGFp iypa 1 <Ri> receptors; whereas, tha IXjF^il and TGF^3 li^ands can ml:c*itict dinsctlj^ with the type II rocoptor. 
The t}g»Ti() n^cfsptor cnmploxcf; can then nsaociate wUb s^veml {:yiapU^inic mdocuks, fanioiayl pruteis:] tratisforas^ (FPT) and. FK606 
binding profceln-lS {FKBP'12), bemg two potential ezamplBa. The rcceptopUgaad complex stgn^s to the nucleus tkruiigk tUreonini;^ 
serine pbosphoi'vljitiion oi'a series wf'SMAD protciinjs (relatfitj to tlie Di*o^ophila "mdther^ ugaiust decapDntaplegic" protein whkii then 
elicit Ej'aniicsptional reg"ulatian of extacelhitar matrix, cell cycle, differcntiGHon and grawtb factar rcccpkir genes. Tiie rolc;3 of the aG&od- 
iited evtcipJ^sgnTtc moleculas FPT and FKBP-12 are nut clear but art! Ihiiught lii involvtj ilAS patliv/tij^ sJigtialitig and modulatioa of signal* 
ingthrougJi thn SMA0 proteins. 



the me for twfl of the myogenic gmm kaown to be ossenlial 
for specification of vertebrate skeletal muscle, Myod and 
MyfS. Even though the individuaL knockouls have muscle, 
i}M only th« combini^l kntoukouts do not bavo muscle :it 
is now clear ^at each gene functicms in the specification of 
distinct muscle cell lineagesr Consequently, in the abs&nce of 
am HOurceof niu£^do c^lk, tlioi ^th^r source may compensate 
for tliat (4^, 47). Tins should be termed develapmental com- 
pensation, rather than gene redundancy. On the other hand, 
with respect to reiinoic acid receptors, there is also good ev> 
, dence for functional i*edundancy Siniilai' to the myogenic 
Uene3, retinoic add receptor gene knockout mice have few 
phenotypea, wberette the combii\<^d knockoute have mm%y 
ph&notyp«8 (48, 49). Whether thifi turns out to be gene re- 
dundancy or another case of developmental compensation 
n^mains to be detentiined. 



Lack of phennt^nP®: As is the case for TGF0« tliere also la 
a multitude of reports indicaling that the PGPs I and 2 have 
important lolea in numerous cell typea and tissue. Conse- 
quently^ when the Fgf2 gene was knocked out by gene tar^ 
geting, it was quite surprising that there v/m no obvious 
pbenotype (50). The Fgf^'^ animals live a long, healthy life, 
and fertilily and fecundity are noxmaL Even ibe pitui^ry 
gland, which is the best isource of appears not to bave 
morphologic defects. The only evidence for any developmen- 
tal abnormalities is found in hemat4>poiesls (50), where 
blood platelet counts ai e high, luid in tlie cerebral cortex (51, 
52), where morphomctnc analysis rcvoaln decreased cell 
d(3n$tiy. Clearly, these abnormaiitios are minor, compared 
with expectations. This v;as all the more evident because our 
transgenic mice, in which the human FGf2 giene was ubiq- 
uitously Qverexpre$sed by the phossphoglycerate Idnase pro- 
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Table 2. KmiaYerlapping phcu»Jtyi)t,.^ <^rTsfhh ^, S kp..*eSa>ut mi«, 
s tud tfag petifitrancii nf thogg pneetPiypCiv 

Kiiccltouc mouse plumatypg 

Yolk soc lethality 

MiilLif&cal jmsairamunity 
BaUiel defect 
Gohirt cancer 

fail periiiatfti lollialitics) 
Heari defecte 

Vuatricwbr .septum dtifects 

Dual ovtiet right vuntiicb 

Due? inlDt lofl veatricio 
Inner ear a^fset— lacks spiral Hmlnw 

Ocular fej-psreijllularLly 
Kt'duced pnrEteal stroma 
Circgenitnl defects in Wdatty 

UlBtriHtt ectopia 

1^stit«1ar ectopia 

Skektal ilfifects 

Oct:! pi Lai hnnii 

Alisplieiioiid basD 
Mandibular delVcU 
Short radiujs uJa» 

Mlssin? d«lt£Jid tabenisity ottd tturd tnjdiaaU'i 
Sternum iaQ5ibri4ia£Lons 
KUj barreliiitg 
Rib fusiv^ni?, 
Spmii bifida 



50 
30 
50^ 
50 
lOO* 
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19 
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100 

20 
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100 
100 
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TOO 
22 
iOO 
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100 

in 

25 
04 
13 
100 
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Detail* fin the rftttiainiag pHeDot>i«j* cao bo t9u«d m tlie U?Kt sand iit mJ- 

motcr (53), had very ^ort legs, suggestmg m Important rol« 
of FQP2 in bone developmeni, yot the bones of the knockout 
linimals mm normal. This apparent discrepaacy between 
the traijspak aiKl knockout mke indicates that sotoc other 
FGF signals through the same FGF receptor as <loes FOF2, 
and that, tlii? other FGF is the true ligand that is impor^ni; 
m bone development. Another poasibUifcy is t^iat there is ^'de- 
velopmental eompensation" by alternative mechanisms. Itt 
other words, the absence of FGF2 may cause dovekpm^tal 
ftbnoniiaUtiea during bone developirtcnt that ai^ then com- 
pensated for by another developinoatal paUiway This altar- 
native would not necessarily rec|ttire a different FGF i« be 
involved. 

After >ve had made our first analysis of the Fgt2 knociioufe 
nioase and did not find an obvious phenotype. it; was ettsy to 
^jcplam the "luck of phenotypo" by involdng redundancy be- 
cause there are at least IS known Fgf g^m&. But in hmd~ 
aight, it now appears more likely that all members of this 
large gene family Iwive specific iwnutioaB, even though they 



signal thrmigh receptors encoded by ^ four receptor ^enes 
{54) Infif/^^tnockout mice, e^-idcace v»aB not found for up- 
i*«gulation of the two liganda most structurally related to 
FGF2> namely. FGFs 1 and 5 (50). Also, gametic cofnhination 
oiFgk a^vd FgfS (50) did not reveal redundai\cy betweGu 
lihese similar genea. In addition, itoher analysis of the 
mice revealed roles beinR played in hematapoieais and 
vascular tone control (50) as vsr^il as in brain dcvelopaient 
and wound liealing i^h 52). Finally, in addition m F^f^, 
Fgfs 3-5. 7. B also have been ablated by gene targeting* re- 
vealing functions in proliferation of the inner cell mass 
iFgfd) (55): gai5tmlation and cardiac, craniofacial, fore- 
brain, midbrain, and cerebellaT development (FgfS)m)\ 
brain and inner ear development (Fgm (57, 5S); and two 
aspects of hair development (FgfB and 7) (59. 60), lb date, 
comparison of F^^f knockout phenotypes from 6 of the .18 
Fgfgams has not turned up overlap except possibly m the 
cerebcliuni. Ibgether, thene results indicate that each 
gene has important unirjae functions. Although a fe^v re* 
dundant functions may eventually be found on combina-' 
tion 0tFgf2 with all other l^fs except FgfS, \i is clear that 
& of the m Fgf g«^nes stud ted by gene targeting have bean 
aasociated with essentially unique knockoufc phenotypes. 

To i5imiinavixe, what originally appeju-ed m '^ack of phcno" 
iypQ" led many of 11$ to the premature oondusion tltat other 
FGFa must have functions redundant to those of FGF2. 
However, furUier analysis of knockout mice has since 
revealed a wealth of unique functions ranging? from thromb- 
oc>i»sis and vascular tone control (60) to brain development 
and wound healing iSX , 52). It is my expectation that further 
physiolo^nc analysis of the Fgi2 knockout mouse will reveal 
functions in tlift h>T>ertropMc response to liyi^rtension and 
responses to isdiemie/reperftifiion injury and bone injury. In 
the fmtil analysis, it is likely that Oic major roles of FGF3 
may have less to do vrith getting us to birth than with keep- 
ing us alive after birth, whereas several other FGFs clearly 
have developmental roles. 

EfF($ets of genetic background on phenotypic varia- 
tion: From 100 years of mouse geneUca. it ha§ become clear 
that genetic backgroui^d playa an important i-ole in the sus- 
ceptibility of mico to many disor<Jers. Tlieretes the pheao- 
types of knockout mouse strains will also have genetic 
background dcpendeneiefj. as was first doeumented by the 
I^IagDu^on and Wagner groups (6.1, 62). The Tglh t knockout 
mice are an exceptional case in point (Table 3). On a nm&d 
(60:50) 129 x CFI background (CFl is a partially outbred 
strain), about half ofTgfhl knockout mice die from a prenn- 
plantation developmental defect (63), and the other hidf die 
of an aut«immune-like multifocal inflammatory disease at 
about weaning age (29), If the fefirgeted Tefbl allele is back- 
crossed onto a C57BL/'6 background, 99^ of all knockout 
animals die of the prcimplantation d<jfect(63). However, if a 
T^fbl knockout allele is put onto a niuced 129 x NIH/Olo x 
C57BI/6 background, embiyo lethality is observed during 
yolk sac development, not during pi^Gimplantation develop- 
ment (64). With respect to the mtiMfocal inf.ammatory dis- 
order oi^ TgfhJ knockout mice, if the targeted allele is put 
onto a 129 x CFI mixed back^'ound (50:50). severe Innam- 
motion exists only in the stomach (29); on the mixi>d 129 x 
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P<;rceriiage «af knackoui oaimala of a given airnin fchuit have the desiipi jjtisfl plitjnrjtyjjo, 
'For deUtils, see r«Ferend?s &4,*67, 

^AjjpitjximiilJily id'^ fifsinUmU with aittoimmssrve dse«?»«« hsivn rui tletectablG gB»t;Txsi«);c8tla^!3l tract iaflismnsDtaoa. 
Is^O = mX tleiermiiietl. 

NIH/Dk X C67BIi6 baekground, the mtesiiries more se- 
verely inilamGd than is the stjomach (65). P^iiiallv; on a pre- 
dominantly 120 background (125) x CFl; "97:3), Tgihl 
kaockTOt Jiiice develop mhm e^incer if tlie iiillam]Bak»0' dis- 
order CBix b(S elitiiiiiated by other genetic rrianiiJalatians that 
reivder the mice immiinodeiicient {m^published obsei^a- 
tiona), However, <m a prDdonunantly C3H bacivground. mi- 
munod^Baent Tgfhl knockout mice do riot develop colon 
dani^&r (Bfi). These results suggest that modifier genes exist 
that can significantly allect thf? function of TGFj3^1 in preiin- 
pluxitatlOB development, yolk sac devebpm«ixi;, bowel and 
gastric inflammation, and coloii tut^or suppression. 
Progress toward (ocaliijitsg n modifuBr gene for the yolk mc 
devekpmental pixiblen^ has been made ( 67). 

What is the best geneitc background for iciioclcout 
mice? Because bftckgroiiml -dependent phenotypic variabil- 
ity wiJj likely t)e fband fbr most Itnockout niiee, it will be use- 
fyl to backcross a turg:eted allele quU) iseveral mouse 
backgronndB to make CDiigipDic strains. In tiiis at^ction, it wlO 
be argved itai putting a targeted allek on. a mixed strain, 
b^ickground will also provkle \miM information. This is mt 
to say that congenii: str^iiiia htq not usdul. Riatther, tbiB point 
to be made here is ^at there abo benofit^ tD looldng; at 
mm&d strain backgrounds. Again, our experieaoe with Tif0 
knockout mice will be iifislnsctive. 

GenemUng honimygous mutant kmcfmut aniraais on a 
iumd genetic badigroutid is fasatm; Tlie ES cells are nearly 
always from a 129 $ir^m, und tixe blastocyais into which tl le 
targeted! ES estjUs ai'e injectcsdi are nearly always 
For reasons unknown* this is a gia^d combination for estab- 
Jishing germllne transmission of tho iryected ES cells, T\m 
resulting: dhimei-an cm then be crossed with any strain de* 
sired, hut C57BL/6* or Black Swiss mim are most often 
used* and CFl mice wem used in the case of out l^gfhS 
Imockout niice. Eetei ozygous offspring from lhi$ crossing 
will th«n he inbred 129 or Fl hybrids of 12^ md one of the 
other stmins. Clearly then, tlie qotck&st route to ha\ing ihi^ 
knockout allele on m inbred strain is through 129. For the 
i>ther strains several generations of backcrossing is re- 
quired, which can take well over a yoar. Unfortunately, 
strain-129 mice have law fertility and fecundity. Con$e'- 
quently; the nuinber of o^pring per litter is usually fewer 
than six. Although 129 x C57BI/6 h>4)rid® am more robustf 
upon backcrosaing onto litter size decreases. 'Ih 

the contrary, tho Black Swiss and CFl strsin^ ar« robust, 
and liitear siz© often is in excess of 12. The reason for this is 
probably because they are not truly inbred strains, but 



rather are partially outbred through random breeding 
witlii a their respective s Li'^a Lisii. 'Thtjrefdi'^;^ one of the choices 
one lias is to stay with ^'purO"' genetics at the expense ^i'a 
lower prodiiciion rata and considerable delay before genera- 
tion of e>tperimGntal animals^ or giierif^ce same genetic pu- 
rity to obtain a more eMci«nt pi^uGtion colony; Ideally; one 
would want U> do both, but this often is \m> expamwc. 

Mixed genetic background knockout mice often have a 
wider range ofphenoiypes, The I'gfljl knockout mice back- 
croBsed onto either the 1.29 or C57BL/6 background 
(congenios) yic^hl only embryo lethality (63, anpabliihed ob- 
sen^alioas). On the other hand, when tiie knockout allele k 
maintained on mlm^ genetic backgrounds^ embryo and 
adult phenofcypes are maintained. 

The Tgfb2 ^ Tgfb3 ktiottkoMfe mice provide further ex- 
amples. The Tgib2 knockout niice ha[ve more ^an two dozen 
congenital del^ct^ and die either immeiliately preceding or 
during birth, or wiiibin 2 h tor^^iller {30,K Ohble 2 indicsitea 
that most of tihe phenotypos are only partially p«^netrant. 
TliOngh it is not documented, it is likely Uiat ilm penetrance 
of $ome of these phenotypes would increase to nerirly 100%> 
and some of the othe^ i^enotyptis would disappear were we 
to put the 7'gfb2 knockout allele on Inbred backgroundsi. 
Hence, the mixed strain background probably provided more 
information than would congenic strains. 

The TgP>S knockout mice haTre a cleft palate (31), One 
colony of Tgfb3 knockout mim was left as a mixed badte- 
gi-Qund (IS^ X Of I; 50:50) strain^ whereaa anolher colony- 
was baekcrossed sevieral generations lo Hie CBlBUB strain. 
These two colonies had considerable expressivity differ- 
ences; the inbred colony had more severe defliag than did 
the mixed background colony. In the latter, expreasivlty of 
ckfiiltig vmed widely from aminal to animal. This variables 
expressivity vniihin the mixed badtground colony pmvided 
us with the opportunity to obtnin far more data on develop- 
ment of Uie cleft palate and iv^s, therefore, more uaeftil for 
making assumptions about the cellular and molecular 
mcdianismij by which TGF^ supports palate fusion. Hence, 
using the Tgfh$ Icnocfeaut mice, the mixpd sli-ain backgiound 
provided more infonnation tlian did the congenic strain , 
Consequently, a wider range of penetrance an d expr^^^aivity 
of phenotyi»<! is a major advantage of investigating knockout 
phenotypes in mixed background colonies. Further, variables 
penotrance of phenotype in a mixed background colony sug- 
gests that there are modifier genes for each phenoiype that 
could b« obtained by linkage studies. 
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Coniclusions 

Questions have been addressed Ihfit ar<»se from fcli© last 8 
years in w Inch knockout rake hafve been investigated to m^- 
fym gme fkncUoft at the wliale animal kvoL These qiiestions 
cpncsmiv gmm mdvm^mcy, apparent lack of phcisoiype in a sur- 
prising number t>f Imockout «lJlilnfi, andeflbcts of gjenetic back- 
gi-ound on knockout gkhonotjpe* Using data obtained 
principally from 'I^fb and Fj§/lmackou£ micje, it:is ar^ed that; 
tttere is probshly little reduiMto^' in the g^noniB ae., thatfmv 
genes m& dispensable foi' survival of ihe species). Apparent 
lack of phenotype more Itely nefkscU our ixuibjiity to ask tb^ 
right qu^^tion^, or our lack of Ipola to mxswm tlicm, thim it tloes 
s true Imk of function. Finally, disetis^ion of gers*?tk back- 
ground phenotype vanability, induding variable penetrance 
and Eaqpressfvity, was yxsei to pmsenisdmcj of the advaniages of 
working with mixed genetic background cokiniea of knockout 
mi(^ For all the ejcamples given h€i^\ ihere am counter ex- 
amples ^at uJUHt \m tsikeri seoDiisly; consequently^ these mpi- 
ments mv^ not be ta km m aWlutes. For easample, if ^. gene in 
a particular mous^i $tmm hm rocetitly been dnjiHeatGd, it-mil 
moat Mkeiy U redundant If mi^ is stiidving tissue Ti?jection in 
a knockout mouse, Ihegenstic backgroimd obviouafy mxist he 
w«Il defined and preferably jBbred, Oi; if one wants to use ihB 
uuscoplsbilit^* af a particular moyse strain Ix) cancer to irw^sti- 
gate the (xsnction of Ihe knockout g&m in ptxjp^ssion of that 
cancer, tlie Icnockaut allele must b« piit an th«t inouse stmin. 
In gHiend, howa^er, when setting np approaches for im^esiigat. 
ing a mvf gme knockout mouse, I b^Heve one \vf*uld well 
advised to assume that: there h little gene r^chmdancy in 
mammals; ihm^ are knoekoitt phenotypes evtin if none arc im- 
medkileily apparent; and investigating phenoeypes in mbc«d 
pnetic background coloaies tmy not only reveal more phem>- 
types, but imy lead to better understanding of the niol^ular or 
(illuhtr mechanism uiKkiiying the phDnotype, and xnay lead to 
mtsdifjer gene diis«oveiy 
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i -til Atlaptr^i TTOm mn (inage! bf^» I'Miicii Callij^^ NIIGBI; 
Vm Ki'sit UCSC: En'af i Birne'y;, mt; md O^rryl Ij^jst, 

lRi^|$i^Mim<4iiii|; of dh« bumain g^i^Ofir^iir. 

Umk ccrvqr In 11j67. the DdLlsli m?Isi: V^m RIake; Cmaleci 
a feijjji dfisjyc. N wly 35 y^ai s iMtir Nigel Owiw. 

to Mr Bkk0^^ luia^t* . WUb its ipllrrj,* =of iccms and, 
^niueftcc^, Its- -as^ttjbly i:rea«i(?d nlmoKJt ats much 

DmM>^t&, AmbMi3^t% Mty nawl the assemble 
cotiifeMfs^ ity jijji ywu *<i dip iiisi^fc v^^l^fC;, as in the 

jCitamt^r iBJobt'U mmteniif ol'ltm Rodsie^lka' llnlversUy* Masl^ 
Cmk^ ^if^'smm IPr^^Aj^ncy iirKs I>3rfMrisi:bysf;, liy-pMi^l^losii 

t^iuiiysiv ct%i»toj' of Q*^M '$pih% fimbof lAsimrmmy At^dhlmiii 
Dar<s«li>' H»<%ldi>« 0lrtsi^ fi^4 ¥omH^^^^ti, l^l: laitMss ji^yici^. 
etching bjr jvstn IfiS*^ Bitt«*t i J«) tooa plmxf k<xii)i 
5«l%ontsit eady mark, iti igftfr pifHt Hsi»ia>rjporati©,n aU 
rijjJite reserved, mud by piirral«.^io; Alitn I L Xuhnlajfej. 
t«r'Md<f'nrint^3pl>»Kigra|ilM?r) cmim>jty t\\ niv Mait Masvjr* 
Oiii«:^ri«^i MiKU<::ii Arrives ^tillm idt^m iM^Mm Muilif^ 
r^fiSiMitiijfii^ linu!f Ptidiri^frimi •V.:%Ht>|i>rt iami^ E\».ulijn|; 



t^mc P^ts Ar^ Important for Both CeW 



'^^fe^n ^ plant tissue is cnlmmd 



^f^aj\d jspprtiprlat^griQW^h regliJaior^i, many of die; cc?j3s are stiintikitesd i 
jjfirat*: trtdeR*J^*^^y "1 ^ disorganized manner, producing a trm%$ of rel^ljve 



^ nf^« is damcigect, i« C^'io otei t^ip^k M<M by a process in which mature: 
*ff*^^titiat^i<i ci-Us ^dfdta'crcntiatc/ proUfexaie, and theici r«dlffeitiittoe. iitto 
c0 ^'^^^ cl¥CMimi4Ji^cas file d«dififejpein»lia led CcM can c^Tsn form 

^lic«l %^kl!i ^c«il nhm give rise to an mtim a&w plant, lncJad[lttg 

Utis rcniarleabEe plasticity af ptot ob^U cm \m mpMlM to geiierate 

Jfi a ivt<?H|i^ m«dlym corttaltiiiig 

to 

luctefjsia^ed cdls called a caJlus. If H U*rl6tUs aud grmvth regulators are 
^^,1]^ mmii|>titat^« cuii Muot? the tbrniaclon o^ a shoot and ttt^a tool 
SLl merisit^*^ withiii the caitus;, and, to many spcicle?, wMte tt^^v piMl Can 

fjalhis cuilUTJ»s c<in al$«3 bt* mechanically dis5<3clai*Hi Inm i;ing^e cftl|<i, v*1ilch 
^ill gr^rw" «nd dii1(i« as a sii5»pen;slfrn cvtlrwrie. In s^vefrul piants— incliadinij; 
mhis^* pen^Bia, ciwrOL j)CHiita, aiid Amtidofrsib — a siLngS^ cell from m€h $U?i* 
^^^n ci^lture C^ii he grmvu Inso *i smai^ cUimp (r^ doai^) iff Cnii vvlitdi a wlwle 
Spleen r^eiifemi^ict. $mh^ wtsidi haia die abtliry to give rise ta all pan$ 
^f[|ieo5paiSill.t!» considered tc^poiient. Justag m«tam m.k:esCailtN&de*lv«d by 
ginc^ic manipuktlon of €anbr>^)n|q ^^t» U^U in ctdture^ so tmnsgcnk plants 
^b?cit^|£Nl from iiing!« iotipDtetir plant cells transfectedl wMi t>Nh In CiJdm^if 

The abiJity produce tmjisgftnk p\mm hm gttni^y yniceiemticd progress h\ 
;^My8r«asaCpkrii l>robg>^, U hiis hiid cin iim^portsnt rol^ forexanijpliSt, in ho- 
;|a!ingf«(:ep50is fcbi growi)i rcgiilalcrs and in anal^'sdj^g tbfi hi<?<it;irusm?& cif mot" 
|b3ge^i?^i$ and of ^jie expiissslon in ptaats, It te 4dso upesst^d up many new 
:|iossib3lKj<^in a^kult^re^fitc^iild h«ii«fii Imh Uio fleinnex and the consumer, 
ith^ mn6<b ii p<mthH, f&t «^«impH tmdlfy the lipids stafdiu and proi^^im $t<^r^ 
ige rc5er\'«ici in ??6eds. ID impiirt pt^ and vi ms rt^sL^jtanc^ ti> plaftts, m4 to create 
oQcdMli^i plants ihat tokmte ^xtjneifne h^^ibllsi;^ ^uch m mit matches or wma:- 

Mai^ d the major advances In und^sristandii^g iinl iisat dcrwiopnuenr have 
feoin stud^e^ on ihe fmit tty D-rosofjhfkt mid the n«*inatmle worm 
CMnoiAoMiiS^ ^liljg^. why 1 are junenalhle to extensive gei^eilc itnidyKls 9St wvtt 
ilD^^perln^tai iitaidpiilatbii. f^roi^e^ in plant clevdopmenial biolo^ |«a$, 
m the pmK^ becft i:^latl¥«ly slow by ct^cuparisort. Many of ih& phm iMt 

NgijRq»cfes !ind very large genomes, m^ikini; both classical and molecular 
saalysis lime-coiisaming, IncFcsasing attentson Is consc^ittfttuly b«ing 

«» a fast'gfowiiig ssmitll v«?cd, the eommon w^li ctcss r^'imli'jf^opsis 
iiflliiim?), %«iiieh lias sevcml itiajfir ^iidvi^nijii:^^ a "model plans* ilsee Figum^ 

and 2 l-ricr7)* The ligibilvdty sfciiiatt ArsJbidtipsis gienonie w;»$ the fiis< plant 
mm to W compfetcJy sequoticed. 




Figure B"T1 Mptuc^ wi<^ i»M1i 
<m|tn««r«d lit: (fbroblftst 
jjrawth factor S fjPGPS}, mfB H. a 

mmm l»di^ (*;fgs^,the hair H fong 
a3Rigi4f«i| '^tdfi its h^ff«?«}ff^ii*. Ia^«mt:6 
(iij^jt,i!*^ii^i!!«jc mk* with phcrKs^es 
thii rmmic &sp<icsi a vaiiec;^ of hi^itn 

;)giri«.tiftto«f.l!li««r s<iid)r iray lead to die 

iCmmmy O^W MznmJmm jM. Hi«l»«rt 



Collectians of Tagged Knockouu Pmvlde a Tool for 
^tt^nln^ the Fyncidoft of Ev^ry Gene tn an Or|^nlsm 



J^A^efl. /^^iE?|»Mi3iz^ij;, and the ttkous^. "die uttitnaie mm m mch case |i to proi*. 
^^^j^V^JcctJon of n^iaa^H mtmvs m wiiich every gerw* in The orgi^nbnt hais 
%io^'* ^V*^*^^2tti<saiy deleted, or altered sucli il iM It C4m be cfjiidittonally 
0>lkcuotsa <if this i)^ will provkk mi mvaluBble tool fot hivt^srlg^t - 
asSw*^**^^*"** ^ ^ g^rtd«kie stale. In sonie cases, «ach of ihe individual 
^o«&i«taijft tlu, ootlcction will sport a distltict rnotcfcutar tag— 4i unique DNA 
1^ 1^ ^'^siSited lo make identlficaiJOii of tliB altered gene r^pkl ^nd roudnc. 
> cemtsioff^ th^ l^tsk of geiiiterating a stst 6000 mutants^ each iTd$$^ing 
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which exogenous DNA is jiufcducwj from a bacterium 
iiHo a h<m ccSi. 'J'hc. medjanism resembles that of bac- 
terial o>njupa:io«. Express ion of the b;ictcriaJ DNA in 
Its new host: chaj5g«s the ph«norype of the <elL hi the 
example of l ilt bactcd um Apobitctrrlum iztmejachns, 
\hc rc^iijJt {$ to indiici; tumor Jbrmation by an ii(f«:t«ci 
pJajil ecu. 

A|j«ratiomin the relative proportions of comjio- 
mn\s of ih« genome durinjg sHJmai-k iltrvelapmcni 
occur to allow trm:i larvae to increase the mmbcr or 
txjpies of ceilmci genes. And the occasional amplifjca- 
tion of gene* in cultured n^ammaEan oelb is indicated 
bj.'our ability to jjelect variant cells with an incrcaj;ed 
copy number of some gifne*, Ihitaated within the 
genome, ihe anii>lificatiD» event cm create additional 
copies ot a ptm that survive in either intradiromo&o- 
\m\ or cxtr?ichrojno$onml forwi. 

W'hm ^xmm<s^xs DNA is introduced into euilcary» 
otie cells, it \Wi\y give < Isic to cxti^chromosomal fociiis 
<»T may be iiritegratcii in lo the genome, lite rclarjotiship 
bct^vecrt ihe cxtrijcliromosiifrwj and genomic f«>rms is 
irrcgiibr, dependi ng on chiinceand to some dc|^r.cc 
predictable evenU. rather than resembling the negutar 
irucrchan^e between free and intc|;fa{6:d tbrims of bac- 
trrialpiusjnids- 



Vci, howe^Tr ^ica^npiisJied* the pmcess mm lead \^ 
sjable chm%(: in the geitome; rollmving its tiijeciion 
into mtmn^ eggs. DNA nir.y ev^n be iacorp»>fated mta 
the geiiomc and inherited thereafter a mitmS com 
poiient. sometimes eontinuitlg to function; I.niecE<Nt 
DNA may aitcr the j^ermimc as m-lj as the soma, civ«t 
ing a transgenic animal The abUily lo introduce gp^I 
ciTiC genes rhat function in 011 appropriate tnamiei 
could become a ttvs^ox nmMt^l technique rbr curing 
genetic discii^l ^ 

TIk converse of iht- intraduclii>n of nc\v genes is 
the abiluy to disrupl specific ^-ndogeruius gcn^s 
AddiCbnai DNA can be introduced within a gcni ti:i 
prevent its expression and to generate a lUiIl iilhh 
Brccdmg from an aaimai withAjiuU allele t^m geneiate 
a horsiozygous *knocltt)ut* whidi has liO mm copj^ of 
ih<r gene, This is a po^vcrful methiKl lo invesugate'di* 
reedy the iniportatici- aiid fbnctkin of a gene. 

Considerable manipukuion of DHA S6i|uetices 
ihercfof e is achieved b«th irt auth«i^ttc si«uatbns and 
by ejfp^rimejjtal filat. m arc only just, bejgmning 10 
work otit th^ mechanisms that pencil the cell to re- 
^^pond t«> sekcdve prcs.su r« by changing It^ bank of sc- 
quenee^ or iJi;at afbw it U> accommod^itir the mirusion 
of additional sequertccs. 




The mating pathway is trl^ered by ^gxml 
transduction 



nrm >xast S. ccTcvUiae can pt^pagate happily in ci- 
J. Iher ihe haploi<) or diploid condition. Coiiverslorj 
bcnvceti Ihese states taiieji place by mating (fus i^ui of 
hapknd s^xt^ to give a diploid) and by sporylation 
( tneiosts vf dtplpk1$ lo give hapJoid spores}. The a bilil y 
10 cx\g:^^K in these activities is dettnnined by the liiat- 
ing type of (he strai n. 

The properties of th^ tuxi miiti^ng tvp«s arc sum- 
manml in Hgiue 17. L We may view' them as. rest- 
ing on the tdcoJo^eal proposition that th«re is nf» 
pomt in mating ludcss the haptoids are of difeent 
genctw typc$: and sporulatiou is productive only 
xvhen the tllploid ts hctero3?)»]^i,s atkl thus con ccib 
eraie nccoinbinants. 

Th« mating type of a (haploid) ccU is determtiied by 
the genetic informaiion present at the MArlocus. CelU 
tliat carry the MATu atLeJe at thi.s locus are type a: liJur- 



vwsc, c«tL$ that carry the MAta ^dle!e are type ol Cells 
of opposite type am mate; cclU of the same type 
Cannot. 

Recognition of cells of opposite mating typ<: is 



Figure f 7.1 Mating typ^contiiols aevemt acthrittes. 



Matir^ yos 
Sporulatson tio 
Pheromdne a factor 



MAJa 

yes 
no 

a factor 



mrnmra 

no 
none 



none 



Gene Targeting 

A Practical Approach 

Sacomd Edition 



ALEXANDRA L. JQYNER 
ti&wai^ Hii^cf.y M^kui SiistiSute ami SkintMS^l InstitMM o/ Bi&m^!&imliiir 



OXFORD 



OXFORD 

and «<£tt^^. b^' fnntHyihing iv^fidWidc! in 

Chccmai Dss cs SiaikuLin De^fij Vtortg 
l^ianbti] Hkiai^Iij Kt^ilkata Kioak imnpur M^idii<( 

S^O mm Slm^Mi TuipKi iMsk^ Toramta 

Oj£fflflr«t is a ri^g^sse^'ti m<iK mark <uf Olxfbnl UnsvccsiSy 

Mli^1ljC?d lei. tiit: United Staples 
liy Oxfoml Umversity Vxmt IfMr., Yort: 

l^t pubiliishcd 2£}Q0 
ftejjMitlcd 2fldt, iCKKi 

All rescrvvit. 1^ pci rt or ttll* imblkaHicai may be reprodittrcti 
»tomd in a tmiewiil systein, ««■ tr*mmJtfti<I, ilk mf facia c«r any mtrAns, 

wtihtm the iirior jjenrassioi^ in wri?tim <Mf Osdfejtd Uiit*«naty Pwaifc 
MtJhtiei, dfce UK, m?eptioiis arc aill«w««4 kl lSr*|<«^?; OfMi^f Eiij t^Iiog for tlii? 
PMtl^fiWi* tii^S*«urd3 or private stt&c^, or cnticism r^i^kvsv permitted 

tfiWiiff Ujc Opli^^tl. Bes4g?i5 and Paicijtss Act. imi. or Itt lll^ ckse 
of iwjNaagj^pJia*' it*<[>KKlt*ctioB In am»(rdaitce^ TMith tbo: Jeiriai* C<f ltt«Q£es 
esj^ied by J jfj* Cj^pyjfi^j y t^assli^ig Ageaut-y. Enqianbs ci^idcetMEIig 
t^iprodncfKm auUxuh ihsm imm mA Ed other oHinizkti ihrnM he 
seist to thcKights Ijqpartnnco?. Ox^WSl ll^tiVeni^ IYks, 

litis ^bpe^lt H ^liM »ul^«ct to tbc cenk^don ttijAt k $E^aU iscit;, }^ w^' 
of tradB or athetrwm, m l^afct ttMHsW, hired out; or mb^ifi^ <imi^«sl 
yathtwit ihe publishier'i pdiir cctmeiM. in any Ibrm 4)^ 1blmi|i»]^ «if CDSv^r 
oilier than iJiist in wiucb if p piblislieO ^id iwiUtout a timllaff i^ditsloa* 
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Over the pasl leti ymrn it ha» l-N^com*: fjossiblc io ut^ike essentially any mula- 
$1011 \n ihc gennlioc of mic^ by wtiliziisg rcc^^^nbioatiim and embryotik stem 
(HS) ceils. HiwnolDgwis r««a«ibin£ilion whtrt applied to ult^ring spcctfic 
i:mJogencn^ gpncs, refeneil to as giriic turi^^titig, provides lha high^sl tewl of 
control i>wr producitig ojy laiions m ckm^ geocs. When, tbis is oombtned mth 
site specifsG rccumbin;itii>a, a wide range of muUitiOTOi cat! I>cs |Jfodiiccd BS ecll 
Un«,«5 Ate rcmarkiible si«cc after belftg established ft« ^ ^lastoc>'st Ui«y can 
bti oiltErcd dfkd manipalalcd j^l^iively caaly in vitfO ^ndl still mainiiii« thcif 
fibility imt&p back into a nonmi dc^«t<ipnKnl?<f pfpgra;in y/htn tmmcd to a 
prc-iraplantaticHi cinbfy<*. With the exponential iiicre^ m \hc number of 
^cnis$ ideaf Uicd by viirlou^ gtrnome prOjecW and genetic acrct^m, il has bcajrtw; 
impiit atiw that dlkieni methods di^vclapcd for detcrftiktjng &enc funclioii- 
Cem iB.T^Xm hi cells oilers ;^ pnwi^rful approaidli <i) sttidy^ncluimrii^jfi m 
a mamm?ilian organism. O^m tnip appioiidies! in ES ccil^ in psiilicular whsin 
they arc eombincd wilb Jioplusticatcd prejicrrtitiis, offer twjl otd> a route to gene 
distbftvery, but afei> 10 gain iiiiform«illo« on gene s«qU«Jioc, exprcsKioii wild 

The bask <€chnolo^ msces^ary iiwr making (ksii^ner muliili«jisji m mice has 
bec4Dnn« widespread and f^s^archcrs who b»v« traditionaJly used cell bdotogj- 
or molecular cxpcrimeiits arc adding gei^c; targeting tcchiikiues u> theu- repcr- 
loLrte of expcjimial oppr«achcs. A sfecondl editioa ot this t>4:>ok was written for 
two main rcawjtiS:, The first weis to update previously described techniques iind 
to add new tcciiiuij^ics that huve grt^itly expanded the types of routailOii$ that 
can be m^ide using recombination sn KS cell*. A ehapier in this new edition 
dt'j&cribes the design und use of «tc spcdiie fi:combinaMon im p^nc targeting 

aji|ymaehds and prtvduetion of conditional mutatiiors. ITie second rcasoii for 
the new book was to provide a more in depth disoisskm of the expeitrdcm^l 
iJcsign considerations thai arc critical to a swcpeSiSf^l gjenc targetttig Siitdy and 
10 iodd Kpproacihcs for ;analydni|; nMitanl phieiKHyp«K. the insist interesting 
piirt of m e)qjcrim<:«t. Gcoc targelmg ep:perimcnt5 «hatild ^ dcsigiwd to 
go far beyond ju»l malting a mutanl mouse, llie suc<;^$9 of a gene targeting 
experiment no longer Eies in the tn^alcing of the mulidicm, but depends on ih^ 
imaginative and iiksightf\i I mv^ym of th« mutant pheno types thai th« nwitaiion 
providiis. A chapter in this edition dciscribeji the use of cl;i«jienl gpnetics m 
c<:iinbination vvith gene titrgeUng to gel iHivmostoutof a gertetic approacli to u 
bioh^gieal tjwcstioti. 

Hie. aatwie of in vivo genu lat^etiog studies of g^ne function are sacli that 
erttkfll iUMpt decisions Tn*»st Ik: made at «*^ry Mep tn Ihc eJtpefiment, and 
cadi decision cm have a major impact on the value of the iiifonnation 
oljtalned. Fioni st^ri, the type of mutation to be miidc must be considered 
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carefully. ^Iiercas 10 ycm ago most muiuiioiis w«fe designed to create nuli 
mutatlQits and were therefore relaUvdy ^mpH to design, at present, a null 
mutatiao Is only one of tx lon^ list of m»talioiu^ that ean be made, each provid- 
ing diffcrcKt insigjil iutO Ihi* funecioii of a gene. Pdnt mutations, large deb- 
Xkms, ^xch^iigcs (IrriocMfts) and conditiooial inutadon;^ umbui a few oi 
ihc clKitccs mat faces at the start of a gene targciin^ exp^Hm^iii, The t%&xi 
dvi>i'ce is the souivre of DN A for the tarj^ting e:Kp<Jxime«t nud ES e^rll Hne to be 
used for the manlpuUitians. Once the mutant BS cell clom has been obtained, 
there are then a number oP ali^itl^aiive {ippro^ches tliat eaji be used to make 
ES cell chiineras lh»l tleptrrid <m the ES eeli time which was used, nnally* and 
most im|HH1.ani]y. is the analysis of any phenotypc that arises. Thb second 
addiiion discuss^ techniques used to anatyxe enutiusl mice, t^n.'^ag & om »tiip« 
dard destcriptivse evatuatioiit^ lo a cl^meia analysts Of complicated br^dii^g 
experiments thai mhk^ double; m^isijits. If mice are simply considered; as a 
■bagof celb' or an In vivo sowjce of selected cell types;, then the tremendous 
resource which mice off^r^ a model organ binii b>;not being realised. Tlic life of 
a mmise r«pfesent«? a continuum of dynamic processes, including pattern for- 
mation, organ development, icammg, homeostasis and disesuic^ By making 
^nctic alterations in mijce u^ing ;gene tar^^etinvg Mid celH, eXfectS o( a 
given change cfirt be studied in theeonte^i of the whole or^^ tiism. 

My g<>al in editing, thia lK>ok was to provide .a manual that could take a new- 
comer to the exciting fieM ot gene targeting and mutant analysis in mice from a 
doned gene io a ba^ic iindteir^tikildiiig «sf the ^iietk approadies ^v^ilable uMtt|! 
BS odlk, sm6 how eactt tecfttiique <m be us^ed to desi^rt piiftlcukt Iti vim ie$T 
of p^m ftinction. The bor^k !i;hou]d al^ proividc a valuable bctich sade resource 
for anyone carrying out gene targetiiiB or geaic trap experiments, a chimera 
analysis or classical genetic tspproaches. I would Ofic« again like to ejtiend 
many ihunks md my deepSxSl appremticm to itll she authors fur their great 
ijffoti^ in iiiduding detailed pjotoco!$ and Neid di5;cttfisioa^ of the various 
approaches presented, I would also tike to thank my family for their strong 
suf^orl and laboratoiy members past and present for helping to make gene 
targeting a reality > l.^n^ily, sinoe many of the ledimques use mtcCt the experi- 
meaU KbouUI be arn«d out in vtcc&t4m'^& witfet local rftgubticins. 
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Gene targeting, principles, and 
practice in mammalian cells 

PAUL HASTV. ALEJANDRO ABUIN, ntn^ ALLAN IIRADLI^Y 

1. Introduction 

Wli^rt a frttgincat of gcnoroic DN A is blroduoed into a miiiiiiinalifiLn <dt il ni^n 
(f»Csiiic and recombtnc wiih the 4ndO£cn.<diKS bdnjoitiigOuii This- lypiS 

iif Ikomologini^ r«c03itbifiticion« known iiS gem la^^i^tm^, h iJic subject of this 
chapter, Qiin<; t.ir^tiiig lifts hQtA widely used, |>atticul£ifly in moMsc em- 
bf yctiiW .stem (ES) cctbs, co make a vajiety of mueations in many different loci 
»i) i\m tbc (>henolypk: consequences of specific genetic xnodiCicaiions can be 
ai^^ssed in the oigtmism. 

nmmjmMnn ct\h was made usiii^ a fibroblast cell line with a selectable 
artificial locus by Lin ct aL (1 ), and was subsequently demonstrated to occur at 
the endogenous p-globin gene- by Smithies al Id trythrolcukaemia c«:3ls (Z). 

tm Kmnp^w4 i0 yeast m4 iMs k pi^ll*abiy rtlfttecl to, at lea$t in pari, a 
CiJiripeMn^ fMithwiiy: cfficbnt integjfiation af ibc triLnslirelcd PNA intti s rafi- 
•dom dirumutionjal &itc. lltc rdativc rgtia of iiiri^cicd to r^diim tnicgritiltfii 
events will determine the case with which targeted clones lire Idcntitied in a 
ptm liixgciiiig e;<i^rkd^nL lliisvhapi^f <J^ud!$ ^ispeti? of yecioi* ii^rgii which 
can dictiiiminc the effiiiicncy of fei;:^jmbifiiitaMi, the lypt i>f mutaikm thai may 
be generated in the target Jotrus, as wcU iui ftJic selcctkio and screening 
$ir4iit*jgl<:s which can be used to identify elooies of ES cells with the dessred 
tarpted; moditolkin, Slmi^ the most ccunmon ejtp^rimt'tttsil jstr^iicgy k to 
ablate the f uoctkiii el a tat get gmw (nuH <ttkk) by ioircMluciiig ;i ^elect^bk 
markcrgcnc^ wc initially describe the vcctor^^^and the selection schemes which 
are kclpfu! in the identification of recombinamt doncs <S(»aions 2-5). In 
SeeitOn 6. wc describe the vectors and u^dditional considcratlmis for gener- 
ating subtle muUtttoiis in a target locus devoid of my exogenous scqucntics. 
Fmaily, Section 7 Is dcUkaiedl to the i^s*^ oC g«:ne targeting m i\ method to 
express exogeimis Uom spiseitlc eiKlogeoous regul^»toiy ck'-iticnts in 
vfvoy also knowtt as "knock^ln* striitegiaji. 



J : Com targctmg, pmidplo^* ci^nd pMtHCtim in nmmmttlhn 

cnricblsopiitatUHis of ifaiisf«cic«t cells for targeted a«tcgiBtjett«v«m«« (Section 
4.2.1). 

24 P^J^sign coiisideradoiis of a replaceiliettl WCtor 

Hie prmcipal wsiderarion m tli^ design of a reptotueitt vector, is llld lypd 
of rnuiatiorn i^eweiBtccl. Secondarv (yet stUl tuspomiiO €trasidemti6t« rel^^te 
to the scbciroft scheme iknd screening l«dhfiJ<|U^S required to i^late ihc rc- 
ccwttbbani Clowes. Tbe recombmaiit i^Mk$ gjqiieratcd by replacemcoi vectors 
typfcaHy haw ^ sel€ctioj5 csws«:«« wmt^d imo a coding *;«0«l (>r TC|)liw:iag pari 
af the locus, ft is iniEH>ri<init iionsiclcr that, <sxO« Itimrmptlcists and small 
cfcl^iioits will not iscc«$$^ j Mate the fumxkm of ibe larrget gems lO |esvepite 
a nttll alkie. CQi3Scqu<jisUy, it m nsecess^jry to conlinn that the Ak. wycb has 
bc^ prteralcd is mM by RKA and'ar pfOttim analysis imii irt mmy cmscs 
iranstf and triliuiated Vix:*«eiii5; horn ssuch a mulanl allele be dcti^ctjjd. 
Cuii^icicong ih^t producis from matMcd locus tns»)« same faudfem 
(nurnial or lal^riormal) it k \mpmtimt to design » r«|ii1ac5emeiit. vector ^> tlwit 
ike tiki:p:x^ Allele is null psirtieitlariy In the itbsence of a good for tb© 
gene pmtujet. Disruplion or deletion of the coding isequence by ilie |N3dtiv« 
$«ieclio«^ jiMukcF will in mc»t iastanccsi ablate a gene's fiiRclJi:>tiiv However in 
som^ sltuatioii* a truncated pratetn nuy he pncrai«4 wliidi letaiiu scs»e 
t^i^ilogicai activity, thus some kist:m'Mge of mtttaiiohs m a related gene it* 
anoihcT <Mfaiil!iiiicttn be h«l|^ful if* the detcrnilmitioii of live pc^siiye toctifMt 
of n lai|;eted altck, Nsiil alkies arc mot^i Uke^y to occur by d^^kiiiig or 
meomNnijii n $^lection cassette mti* rjicm 5' exons mibm tbm exom that 
eiKodc tb« DteriujEuis c^l the p^mtcin. sin<x vmder these drcuni^^umcfes 
nskimal iKirLsons of t^ic wild'l>p€ polypcpiid*? lie made* 

Tlitfe arc 5ev<JT«t eonsidoialions 10 t^ic^i il^t» account w-iwiiil a positive 
selectiosi raai feof b to be inserted into «tft exon. One crtlioil comideration is 
tliut ^«e^ the length of an cxdn iS^H inflttsace RKA '^Mn% 0)» an artiiy alljr 
laii|Ee cxon aw«cd by tli« intser^QQ or a s«t<jcl^l>k iitarlccr may not be 
ncixignijeed by the sp'i*^*^^ i^mcltincry and 0oui4 skipped, thussy mnm^pis 
itstettd from the ^f^dpgeaotis promoter mt^y delete the mwUil^d mon from 
llw^ inRNA s{?<;cks or even additM>i^!*l CKom. U a skipped exoft is a coding 
cxmi wHose nucleotide length h ROt a amltiplc of ihitJe (cckIoo) ttie net r^uft 
vdll Ijii both a dcletk>i5 ^nd n fiame-shift niut^iikuk t>f I lie gene;* wlikh will 
often g^eaerale a null siSlck. However, if ib*^ djsiu|)tcd coding ^xm ^sas a 
fUicli'Olide im^ih whkii is a ninttipk of ll*rec, if spiked! oiii, thJs would resnlt 
m pftoieiri wttti a s^nikU in-frume d^l^Uoa wluch may rci?im p^Jitial or com- 
plete funtC^^^ru The same concept appltesi to g^nc targ^iiitg vectors in wMch 
exons are being deleted and trepldced by the scbct^ible marker. Dcblion <4 (li^ 
txmi Of grmip of exodS \sltlt a umi ntimber of codoo^ may also result in * 
fuiicii»Miai protein pnxliia with an in-fr^mic ddettosi. For most purp<jsc:S tt is 
advisabk to deiet-c j^rtians oc all o( ilw Xm$H ^ne so (httl th^ get^etie 
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1» Intraduction 

'fhc discovery rliat ctoncd DNA itirriKliitcitl into tissue caitwrt celis can 
tmdcrgt> homiKlog^ms recombination at «{t>eciOc chTornosomal loci hus. 
rmUmmmtii mnibUhy to sludy gene functioi) m Ci^li cuUure and m vivo. In 
tiitjt)r>\ this tecliiM<||iJei Icrracd gene laigcting, aittm's one ti> gencnttc any type 
of nmtatii^n m any cloiwd ^am, Vhe kinds <:»f niutatiofis that cm\ fx; ae<iied 
jadttdc nuJI iiiu<iiti<3«^s, pomt mninWons, deletions of spedfk fujHiioruil 
<Somains, exchanges of fiiBctiOiija! d<iin»Mn5 from related genes, and §;iJrt»of» 
fTinclion muittlfons in wtikrh cxp||en<ju§ £DNA sequences arc inserted 
$d|aieetfit tt> «ncl<ig<(no»s regulatory sequcsiccs. 1<i ^^clpk, such specific 
genecic altenitku)^^ c^st b< Mck m any cell line growLdg; in cultu;^. Hc»wever. 
not all cell tj^cs can be: tiuijitaitted in culture under the conidilijOJis iicocs^siTy 
f«>r tr^nstecilijn and selection. Ovesr ten y^m *igo, ptunpoicnt embrjwiie 
stetjs (H$) t'ells derived from the inner ceJl mass {fCM) of mouse blastocyst 
stage cmbr\'o« weac is<>|ai£:<l And conditions defined for Uteii' ^mpoiiiM icfn md 
?namicjiancc in cultui^ (1, 2). ES eetb r4^^«^r^bb JCM cells In maay rHi$|>cd^^ 
indjuding ib<;ir mhiiiiey ccntribute to alJ emb?yt>hic tis^ijcs in chimeric mice. 
Using string/Srtt ciil^turij conditions, the embr>'onie di*;vekipmtifital potential of 
ES €clls can be Riainijamed Colbwing genctk manipuIiiLti^iis mi\ i^ft^r muny 
l«issagcs m vitM, VmihemmQ. p^rm;mcnX mouse lines tarrytn^; geneik allcr> 
auoiMs; kuoduccd mto ES c&m cm be iiblaine<i by tiai^initlifL^ titc ttnit^liun 
ihi ough the gcrmiinc by gcneraimg ^ e«it ;;hini«ra5 (described in Ch&^tm 4 
and 5). Thus, iipplyiiig gene targeting technology to ES cells in cullurc Affof d$ 
researchiirjs thu opportunity lo modify cndog$it^^^L$ and study their 

function ifi vivo, in mM studies, oncof 4hc main challcaxges of g<:iie lyrgeting 
wjis lo distinguish the ime hoiiiologosi^s recombination events from mom mm^ 
monif o(xurrijig random Lntci^racions (dt?j>Cw«^icx.1 m Ch*iptei 1)> However, 
i*dyar!C^i$ m cell culture md in selection sehemtKS, m v^ofor conslruction using 
i^enie DKA, imd in the appJicaitojj nf rapid ^treening procedures have 
nfiadc it po^sibtit^ io ideptlfy homologous rcocimbtnatiiM evejits ef^iticnily. 
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Oiief. S«tk»i t-u pdiivUxBl N56a^«iil«an«c«l«if^. NftiuHal InSJiaiw (.f Menial Hisimi. M^' y'**^ 

USA. -nH! -rku^i «»|}c«;s«d in lliU iKMik do aew«arity it|»i^ ihe virw»: of !l» liwtHuim r 

urf„nn:^n««^«iwiae^) iH ift*: |act^ inswl .;r in*mxlicas fuc c^uilidrug, piece «rf5^iie*«nl; ccd«W Bo^ 
ara«qiE .^i>?r ifeiap, «iy a^Ml£e« iii*^W«rrS«w «' SadicaiS!?* of dosigc or mifi-M^ for «&fciJ wmis^B 
uihI p^utkies. 

TItIs bwA It priiiicd <in acid^foec ^ipeif 

a>p>'righi 20PO tey WtSryvLU^ A3I rtf his nwrnc^d, 

>1i> pin.«f this psbP?*i^ wav be Eigai^jtec*!! saaed m t a^tl^i-ial $>«Jem or ^mmmi^a m mf funn W any 
«wafl5s clc.-t,ocicv t^dfuuk^^; pWiu^^'i^B, t^r^. mrm ^ otom aicceix peniiiit.^ unto 

f\6»ibhcr, »*»}»t.fiMlu3a fiaw^ ^>TOcal of ^bs approj^mte vcz<^/ tccm&t C^tpy^ ^^'"f'*^? f™!'"* 
m Itoiewod Pri>«. Di=f««*. MA 01^, i9m T50^. (978) 75<M74*. Etqm««* the Ptifcl«l«j &,t 



VifWs v^fOfi^ wish mv innusis'? ^ beliiftiaral pfeoiwiyji^ of tr&tugcaii; 
p. utii.. 

(M^l^l^J 1639-3 : alk, paper) 
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Targ«ie^ itmiatkin of genes C3sprcs:scd tltfi rtcmm^ system is an cxciUiVg ttiiw t^seajds 
field tlsat is forging a frmarkAblc amSilgMii of molecular gcnctks ixM bell^viofa! ncura- 
^jcieiice. My labDr*tor>' in UeiKcsib lias him the fortijsnttlc rt^cipi^tit of visits frosm man>* 
ttioUciitai geneticists over l>ie pjisi five >rars. \*1io come JO Mk, ^'SVhdf^ wrcmg wstb my 
Qsousc? Can >x*it t<U w« whal bctmiorsj are abttonii;»l in ou* null mutams? Aod Iww <5o you 
measure bd^^■i©T, ^ayway?" 

have hv4 »o«t)e r^si^kable qp^jtortunities <ici «0l|;i|)C>raie with outstandit^ molecular 
g^nclldsl$ m th^ Nsitifii^ institutes HcatUi Sniracituml Research Program and thrpugli- 
crist ^ i^ild^sa iHv^cstiiaiiQiui of tbebehaviafail erfeets of mulaltoBS in genes «jcpf«sse<l its 

ihc mouse brain. Eacb.of tbc«e cd)SulN>f&ti08i£ has been a lesmins cxpcHence, ihcressLng 
our lurukrstandu^of the opiimal «x0m»uiHtal dcsi,^ for analyscin^lxliavaaral ptieiiotjpcs 
of miitani mice. VNlsJit m* the bt»isl tests t^ adxtic^s c^cli gpjscifk h>*potJM2sis? V^Tiich meth- 
ods work best fiw micij? ^Hitch rat tasks can be adapted f<H- mke? \^Tiai ajc the coircci con- 
trols? What arc \\vs. hidden pitfalls, lurking niiifjjcts, f^l^t posiiives, and fa^lsc isc^tives*^ 
VVhlth statistical i%m mt awst sensiti ve for dctcclioii of ilic gcnot>'pc effect? \^T>ai is the 
minimi^m nwnfecr of aiiinials juccessar>' for cficb |^«siK>iypB» geodcr, audi agcV Our iabo!rtaor>' 
and KiiWiy 0tlt£i>i arc gradually w^ricing mi Uic bmi mfilhods for bc!m%4«nil pb«iioiypjO|^ pf 
ir;iit&'get 1 Ic and kmx:koiit mice. 

lit ihe same coavcrsations. molccubr i^cnetic«ii$ fipcqucntly asskcd me recammend a 
btxik tlicy could consult U> lean! stJOt^ liboiif behavioral tcsls for iiuc«. Apparaitly il« 
OSiific book jHiblishOTarc receding simlliar qwcdcsr. Ann Bo^lc and Robert H^rin|jLlC*a at 
John WUcy & Sons, Gom'iniceid of »n i^nl nc^d tliM sucb^ book, 5w%c1-Ulked me \09 HlUng 
the void. Jftoi Wfmg Mifh MyMtAuse? ts written for these pioncmng liioleculitt E^ncti- 
ctsts. and for the <at«nl«d $t^etit$ who will be the next driVinj^ (mna iti m^\m ^^^^^ 
forwml 

Od II penscmjil level, 1 would hkc to express <kep appT^c^km u> all of my behavioral 
Dcwroscknisiit ctjlle;igiies around ihc w^xdd ibr their mitxtastdiog work, past, present^ and fu- 
tute, Yoitf uQntfihutiari^to the excellence and abiiiHlnnefi of mouse bchavuHaJ tests pRP-'ide 
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tilc fay«ii;jitiio0 for the mpi^tly cxpsnKlinf s^i^nti ilc dlscm^f ics fortJicorrog tkmt bcbai'soraJ 
fxlternritv-pmg studies of trait^g^ulc wd ktmkoui, mkc. Tttjs hmsk is a liB$.tar«e»t to yaw nxy 



er Mice 



Ttie d^eaac is M)«nl«d. ^mUy pedigree* indiisate m mim^ dbminai^ gene. U lUtage 
&f^se& pcvesii m& sttongjy a«soc^«4 cbKwnoswmil locus. Maying wi«tiiij1«» ibc gciae- 
The cDNiA for tlse gc»e h s^iiaisccd. Tisc arsaloirtkal dlsHibutiafas df m^- is piinmily 
m tib teia. Tbc s)fm]?U>m* of tlisc daacasc j^ttiaaray iwupof^hiatric. mere is m afeli* 
aKfti for iJw 'Hi* sHjc^^ 

Yom mk5^Q^^ should you choose accept it, is to d<?vtf<^ a trcatmiCia far iti^^i^eaxc;. 
Replacement piic Jhcrajjy is the be$t liopc. But y^ou to't kiiow ihc gctic prodticj, >k)u 
(bjsH know lis Ciimctioai. and >t>H <to*t Imaw if gcas* <kliiv^fy «^x)sild be tetpeultc. %Tm!tc 
do y<Hi stall? 

Tlies^ di>l, nia>' cboo^ K> sscait with a taigc!c4 itiusation, to a mfUfteiit 

T«sp0li.^ibk gciw is dcvcl^d TIms coiusinic* is k»«*t£d inio the nio^ f^wne. A Sue «f 
unici; mih tbcsium^edi ge«MJ is ^jaicratedL Cfagaiiii^twi^ of i^mwtoiiiiwiioe arcidieiilaM in 
^onn^imBOii to wsm^i mmt^i&» Salient dsami^tisticfi i«k^^ to Kbe h wttiMi disease aw qiiMfc* 
tiiaaiMi Ttficse dlsi^like traits m fern u»i;d is^ vMiahtes fof «*i.mloasm^ tbc elfectiv^^^J 
of tfcstmira^ JNuwjve treatmrn^ are {idmiAtsSciscdto ihc wmmt mkc. A trcaimcit^ ifesi pfts- 
v^ts Ttvem% ihc disease timts its tlie ituolasit snicc b takiiti fofWMd for funhei ^ a 
|X»tira^ th<ef:i|i^^jMJc treatmieiit for %ht Urnvm gcoctic diasm", Oetat ihcxapy. based ois Mg^ted 
gene reptjicetttem of ttic missing or iRC^mct gene iti Ih^ hcrcdifery djs«e, h tfe- 
scrib«^ ia Chaffer 1 2. In the flitijr«> nwsdk:^ may ^iii ettlt^iasis from treating *>1i^^inis 
to aKlm,iiits4miiiS R^laceancnt that cffa^ely ?rm1 p**rimnc2isly cure thtf <lig«e. 

Ta^getfid gene mutetion i» mice rcpncsciits a n«w lachnology that is nsvodyiioiimftg bio- 
]3iedk$l teseatcb. IVBii^mk miice \mx an mmgm^ a^ci An addiiioai^l ofa 
jjsal is soscrtcd bw the wsmx^ gCEDom* lo^ SJudy o^tsm^sresKSOO «bc gei*^ |!s»diac4. Or 
» 11^- g/e;»e ts Bi«y^ M i$ not ofionaBy ptmot m the oxniss piiM«, Tite gieae 

the hsmmi hmtingiin %m9 k Mt4 to mouse gcnari^ (i> gjcmetw s mouse model e( 
I iunllngioci's disease. Kiii««lM»tit otice have n jr«m? I'he aaiii muiant litiiiioj^f]^s 

t 
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fcnocko^t k (teficifiat m hmfi bUcIcs of a f^^m; ^ hetemy goto is dcild^Dt m oac 
<3f Its twq amm the g<mfi. Th^ g<r)aotyp« k for the imU mmni, for hct- 
iiro^ygotc, mtd fcr the mmypit ooraai cQiitf«J. Tbc plien«)^pe is tJws Bet 
served cbaracleHssiics HKai!;tm;g tt^m the murLaEian. PfeeaotygMSg in&ivs^ hiochmmcu^ 

targrtcd miHati^i?^ of genes expttfsscd in tfus braitt m R:\^alis^gt|«j locebKus^BS IlKkc- 
iym^ mnml bebavsdr ^ bdmvi<^a3 ^jfeoanwaliticjs. Mousse moilees t^fhnmMk ne^l^S:^- 
iMmit (lb«as€^ 5^5 AlzhcUt^f ^ disease, PafkiTOn^s disease, HatilingtoD'k dmm, 
amyotrophic, lateral scI^jtosis^ obcdiy, ars^|^^cx:k, dc|Xi:c:f:«iaa» alcoiboli««^ dmg addktUi^ 
scJikoj>l«-«jda» and mmty, um- likely m U ttiaractcria^ ihdr bchavbtul pbciustype. 

This bciok b dcsij^d to iistrDduc^ Itie riovkc lo tiic rich liitcraEurc of beJ^^jvltmiJ tests m 
aiJoeaBiJ to shdwlMfw to opilmiz* the applkjaiiofj of Ihcsc icsL^ fur bcliavioral pli«noC>ptfsg 
ef mutant mice, ll^ed dii cm 6«.;pgfi«DDes^ ouf l;»tea?ar>' is wotkiag toward a uriifkd op- 
proach for di« aj^Omal conduct of twhavieHal plimttlypiji^ cxpetliticnts in ffltiian? mke. 
Rec0!iimcndati«Mi« m olferied for a <hrw-tiancd si»p$tic« of bdavloml tests. ap|yiieabl« to 
each M«ivio«d domain rdevam to gei«s ejtprcsscd in die ^ammalLafi br«k 



This book desi^g^icd as mx overview of the mmm moyae teeferiolog>' aad an btroducioai 
m the field of iiebaviorai neiir^isckncc, as it cm H tppli«d to Wbavbral pbenofyping of 
smiUsgeiBc ami kmjck'out mice. Molet-wlar |^eiseStdst$ msy browije ihrougb ds^picrs icl- 
to «bdr jgcne, to gei Idbas for pm^m Ktsts to try, J^vioraf weur^jscicniisU wk? hav« 
tio ac|t«^ai^ with mmm it^cc may wish io read about ibe racJtiiods fat uMi^^kig ^ tos- 
g«ue ONT fetUHSkout, tbc; beHtiivtmal tcstg Otat ham been effectively a|jflietl sod s<>aiiiC of 
succc&itftil ej^jeriaicnt*? piibll6«d in the ^atiieiic^ Istemt'Uftf , 

Jtal reflexes, todepmcmal mikstoiies, mam fwHctiiajs. saiKiry aMlilics. r«aniuig and 
mm<^, feeding, sexual and jMftjpiaf bchsvwg, s^iai bdsaviei^, ^asd lodeiisl paradigai^ 
10 fcai, ati^i^f dcptrcs^ion, seti izoplinMiai, t«wa^d, aad di^ujg acyictioii. cli^ 
tcr begit^ with a brief history of tl^ fe^iy wmit in eb^ e^ld and the im%m hs^otb^ iOraat 
mechaw*^ umkrlyan^l tll« cxpri'ssiDn of tbc bebavicif, A list ofgtmf%\ r^rvlcw artiql^si and 
books n ollfer^d for each topic, cn?ccMif agbjg the antcr^ted reader to m\n mor* J|fc-d<aytli 
iandwlcdy^ of t|N6 rcleviuit lil«mtiErc» 

Siandaidi^i^ ai« lh«si iMKsei^ b dctd]. Iliighiighled m those la^ titar bavc been <ex. 
teiei$lv>«||y v^ifdatecl k miocv Dej^^iistfiiiiGSis of geajdw (^inipoit^nyf of task pi?rtonancc aie 
desctiNd, iada4lii^ esiperimc^ts compiKraig lifted sirakB of iml^ (strain distfibtitioos), 
quaiitibat|v« trail loci iifspyoachca (linlc^^igc analysts), ai id naiiinUly ot>curting^:mum« (spon- 
iaoeous muiitlions). E«|>$nm€nral de^l^gn and s|x:ci He bcbavioml |^k^ m pm»»it«d as 
i^ampJy as possible. Exceit^siyc reference m iRclude^ fortadi M^vioral test to ^tb^in 
more con^iete uttthoda ftvmi the jwriiwy tR^ipcrimcntai Hicmtnic cm the atpic* 

IJtostRitiom^Tc pmvided for the most fi^qiecntly med b^ftavioial tasks. Photogmfenf 
the cquipmctu diagrajii^ lijf the 8ask acc^odp^ 0^ last, &«npics of c^ti, arc shown. Ti^ 
p«?sciUatiosi is dcslgi^c^ indicate die qualitative and qusimitauw ihM ctn b« 

Each ch^«r includes li^ nRsulls of several rqw^senfejiiiv*? cxp«f ii»sfi<s In ^liicb theisc 
tas3«saire™oe»«ai% appileil w diaracterj^ liansg»ftic amt ibiockont mm, ore 
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Transgenic and kriockout mutations provide an ifinportant means for understanding g<?ne 
fgrKtion, as well as for developing therapies for geiietic dise^^s. This engagm^ and informative 
book discusses the many advances in the field of transgenic technology that have eiiabled 
research^fi to bring abotJt venous changes in the mo<use gerior«e. tqual emph^isi^ h given to 
both the prir^ciiplcs of transgenic and knockout methods and theif apphcations. A c«^ar and 
concise format provides researchers 'with a comprehensive review of th« behavioral paradigms 
appropriate for anafyzirtg nnoiise phenotypei 

W/iots Wfons wijh My Mouse? ^tp\&'im the diffefenc<?s between traftS|cnic knockout mice and 
their wild«type controls, while providing cntlcal infofiTiairon about gene function and expres- 
sion. This volume recognizes that newly identified gen^s can provide useful msrghts Into b^ain 
functioning, including brain malfunctioning in disease stares. Written by a world -renowned 
expert In th<? field, the material also covers: 

• Hovt to generate a transgenic or knockout mouse 

• Motor functions <open field, holeboard, rotarod, balance, grip, circadian activity, etc) 

• Sensory abilitie$ foi faction, 'v^s^on. hearing, taste, to^uch, nociceptiofi) 

• Reproductive behavior, social behavior, and ertiotlonal behavior 

Researchers rn neuroscience. pharmacology, genetics, developmental biology and cell biology 
will all find tliis book essentioit reading. 
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